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ADVERTISEMENT. 


Mr. WILKINSON, Author of this Work, informs the 
Public, that the different Galvanic Apparatus and Instru- 
ments described in this Work, either for philosophical or mes 


dical purposes, may be had at his house in Soho-square, on. 


- Moderate terms. 


N.B. A Battery consisting of fifty three-inch plates, is of 


a sufficient power for every medical purpose; and one of this 


_ $ize, with the requisite Apparatus, he ie for Five es: 


HISTORY OF GALVANISM. 


PART IIL. 


CHAP... XIV. 


Succin& account of the Voltaic pile—Various 

curious and interesting experiments made with 
the pile—Letter from Professor Vouta to M. 
DE LA Merueriz, in which an explanation is: 
given of the produétion of the galvanic pheno- 
mena—The theory of Vouta combated by the 
ingenious Mr. Nicnotson, who brings forward © 
several experiments to prove the powerful agency 
of fiuids, in the production of the above pheno- 
mena—Improved theory and doétrine of Voura 
—Report made to the French National Institute 
on the subject of his new experiments. 


T the commencement of the year 1800, Pro- 
fessor VoiTa made thediscovery of the appa- 
ratus which has been denominated, after him, 
the Voltaic pile. A new epoch was thus formed 
in the history of galyanism ; and it will be seen , 
VOL. 1, B that 


2 SUCCINCT ACCOUNT OF THE VOLTAIC PILE. 


that this discovery gave rise to several other 
important ones, which are principally due to our 
learned countrymen. Among those who have 
pre-eminently distinguished themselves by their 
galvanic researches, since the above epoch, we 
have to cite Messrs. CruicksHanx, Nicuoxson, 
Henry, Davy, and Pepys. The inquiries of 
Colonel Hatpane, and of several other British 
philosophers, are also highly interesting, and will 
be noticed in their proper places. 

The Philosophical Transactions for the above 
year contain a letter from Professor VoLTA, in 
which he gives an account of his pile, and of a 
variety of curious experiments made with it. As 
it -is the intention of the author, after having 
colle@ed the different historical details relative 


to galvanism, drawn from the best sources and 


authorities, to devote the fourth and last part of 
this work to his own theory and opinions, and to 
enter into a full exposition of the apparatus em- 
ployed for the various -purposes of practical gal 
vanism, it will suffice here to give a succin&, but 
clear idea of the Voltaic pile, as it was originally 
constructed. 

Take any given number of disks, or plates of 
copper or silver, and an equal number of disks of 
tin, or, which is still better, of zinc, of the same 
dimension. Provide an equal number of round 
pieces of pasteboard, leather, cloth, or of any 
substance 
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substance whatever capable of retaining the 
moisture it has imbibed for a considerable time. 
Silver or copper coins may likewise be employed 
for this purpose.’ Now, form a pile, by laying 
altemately. the zinc over the silver, the  paste- 


board over the zinc, and thus consecutively. 


If it be intended that the pile should have a cer- 
tain degree of elevation, it ought to be supported 


between three glass tubes. When it is thus con-_ 


structed, the apparatus is in a state to perform 
the functions required of it. “A pile of this de- 


‘scription, so long as it continues in a well hu- 
~mected state, appears to be a continued and in- 


exhaustible source of a current of electricity, 
which permeates every conductor brought. in 
contact with the two extremities of the apparatus. 
If this conductor be an animal, and if the two 


parts of its body, by which the top and bottom of. “ 


tlhe pile are touched, be moistened, a condition 
which is essential to the effet, the animal will 
receive, on each of the contacts, repeated inde- 
finitely, a true electrical shock, more or less vio- 
lent, according to the circumstances. The shock 
will likewise be felt if a part only of the pile be 


comprehended in the electrical circuit; but the 


sensation will then be much weaker. It would 
appear that its intensity is augmented in a ratio 
much greater than that of the portions of the 
pile, eprened between the two points of con- 
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tact. It has also been noticed that this sensa- 
tion is increased, nearly in proportion to the 
squares of the heights, intercepted between the 
above points. | 

When experiments are made with the Voltaic 
pile, the sensation which is felt resembles the 
effect of a weak charge from a very large ele¢tri- 
cal battery. Its action is so inconsiderable, that 
its influence cannot penetrate through the dry 
skin. It therefore becomes necessary to moisten 
a part of each hand, and then, with a piece of 
metal held in each, to touch the bottom and top 
of the pile, or the conductors which correspond 
with its two extremities. The extremities of the 
conductors may likewise be made to lead into two 
separate vessels filled with water, into which a 
finger of each hand should be plunged. The 
shock becomes more powerful, in proportion to 
the number of the pieces brought in contact. 
Twenty give a shock, which, when the due pre- 
cautions are taken, is felt in the arms. With a 
hundred pieces it is felt in the shoulders. The 


current of electricity acts on the animal system, » 
so long as it continues to make a part of the | 


circuit. If any one who subjects himself to the 
experiment has the smallest cut, burn, or exco- 
riation, near the extremities in contact with the 
pile, he feels a painful, and, indeed almost insup- 
portable, sensation at the part affected. 
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By the help of his condenser, Votta proved 
that these effects are purely electric. He even 
ascertained the kind of electricity, and produced 
the spark. It ought, however, to be observed, 
that it was likewise obtained, without having 
recourse to the condenser, at the extremity of a 


pile of fifty-seven pieces of silver, and as many of 


zinc. Vouta remarked that its action, in the 
parts where the cutis had been laid bare, was 
sharpest on the negative side of the apparatus, 


that is, when the electrical current flowed out 


from tke wound, than when it entered. This 
fact had been previously noticed in the case of 
the common spark. , 

The theory brought forward by this celebrated 
naturalist is as follows: He observes that all the 
conductors, or anelectrics, the conducting facul- 
ties of which are comparatively different, have 
the property of occasioning an electric current, 
when they are brought in contact. In this case 
it suffices that metals touch each other at a single 
point; but a greater extension ought to be given 
to humid substances. The results of a great 
number: of experiments made by Votta, con- 
vinced him that the effects are the same, whe- 
ther the zinc and silver be brought in contact, 
or a communication established by several difte- 
rent metals, provided the water be made to com- 
municate with the zinc and silver only. When 

BS the 
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the latter of these metals is employed, the salt 
water is preferable to the alkaline ley, which, 
‘again, is the most desirable fluid, when tin %s 
made use of. ‘The intensity of the effects becomes 
greater, in proportion as the temperature of the 
apparatus is raised. 

VoLTA was surprized to find that the galvanic 
flash of light * was not stronger with this appa- 
ratus than with a single pair of plates. It is 


true, that the flash was produced, when the con-  . - 


_ dudor of the battery was applied to any given, 
part of the face, and even to the breast. The | 


strongest action ensued, when the metal by i hieh 
the battery was terminated, was held between the 
teeth, and made to rest on the tongue.. Aon 
vulsive shock was then felt in the above part, as 
well as in the lips, the flash appearing to the 


eyes, and the savour being perceptible in the 
mouth. After having introduced into each ear a . 


metallic blunted probe, Vonra directed the pas- 
sage of the electric shock through his head, and, 


* Thus is termed the sensation which is perceived, whether 


the eyes be open or closed, at the instant of the contaét of two 


different metallic surfaces, of zinc and silver more particularly, . 


which are made to communicate respectively with the gums of 
either jaw. This flash of light, produced by a pile which 
contained an hundred and eleven plates of silver, was so pow- 


erful, that the phy siologist who made the experiment was not — 


- disposed to repeat it. 
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suffering the communication to be kept up inethe 
battery, heard a peculiar sound, similar to that 
of ebullition or decrepitation. This experiment 
he did not think it safe to repeat. He could 
not, by any of the trials he made, affect the sense 
of smelling ; and this he ascribed to the impossi- 
bility of circulating in the air this description of 
electricity. 

As the apparatus loses its energy, in propor- 
tion as the metallic and other substances laid on 
each other become dry, our naturalist ‘endea- 
_ youred to prevent this effect, by enclosing the 
pile either in wax or pitch. He contrived to 
enclose in this way two columns, each composed _ 
of twenty plates, which acied perfecly well dur- 
ing several weeks, and which, he had reason to 
expect, would continue to do so for the space of 
several months. The particular combination 
which he considers as the most useful and in- 
structive, is the one formed by a range of glasses, 
or cups, not of a metallic substance, containing 
either warm water or brine. Into each of these 
a plate of silver, and another of zinc, are plunged, 
but without reciprocally touching each other. 
Between these glasses, or cups, metallic com- 
munications are established, and disposed in such 
a way as that, provided they reach, on the 
one hand, the zinc contained ‘in one of the 
glasses, they should reach the silver in the 

BA ‘other ; 
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othér ; and that from the zinc in the latter they’. 


should extend to the silver in the one by which 
it is followed ; and thus consecutively throughout 
the whole of the assemblage. When any one 
places himself in the range of the battery, be- 
tween the first and the last of the glasses, he 
feels the commotion. It is essential that the 
plates of metal, plunged in the fluid, should 
have, at the least, a square inch of surface. 
With respect to the communications from one 
of the glasses, or cups, to another, they may 
“have as small an extent as the operator may wish, 

Vouta, after having adopted, in a certain de- 
gree, the conjectures of our very intelligent 
countryman, Mr. Nicuonson, on the cause of 
the effects produced by the torpedo *, considers 
his new apparatus as having a very striking ana- 
logy with the electrical organ of that fish. Mr. 
Nicuotson follows up the observation that, in 
consequence of VoLra’s discovery, there no 
longer remains any doubt but that galvanism 
ought to be comprehended among the eledtric 
phenomena, by expressing his surprize that the 
learned Italian professor has not direéted any of 
his inquiries to the chemical phenomena of gal- 
vanism announced by Fasrowni, and more par- 


* NicHoxson’s Journal, vol. i. 4to. p. 358. 


ticularly 
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ticularly to the rapid oxydation of the zinc, by 
which the experiments are invariably accom- 
panied. 

The following letter, on the phenomena of 
galvanism, was addressed by Professor Vota to 
M. De La Merueriz. The latter had demanded 
of him a concise account of his experiments, by 
which he attempted to demonstrate what he had 
always maintained, namely, that the pretended 
agent, or galvanic fluid, is merely the common 
electric fluid, incited and put in motion by the 


simple mutual contact of different conductors, and 
ef metallic ones more especially. By these ex- 


periments the learned professor flattered himself 
he had proved, that two metals of a different 
nature, when combined, produce, in a certain 


degree, a true electricity, the force and quality 


ef which may be ascertained. That the power- 
ful, and, indeed, miraculous effects of the new 
apparatus, the parts of which may be denomi- 
nated eleétro-motors, whether in the form of a 
pile, or of a range of glasses, or cups, are no- 
thing more than the aggregate sum of the effects 
of a series of several similar couples*of metallic 
plates.. And, lastly, that the chemical pheno- 
mena, which are obtained by the decomposition 
of the water and other fluids, by the oxydation 
of the metals, &c. are the secondary effects of 
the above electricity, of the continual current of 

electric 
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electric fluid, which, by virtue of the aforesaid 
action of the connected metals, is established as 
soon as a communication is formed, by a con- 
ducting arc, between the two extremities of the 
apparatus. This communication, when once made, 
is maintained, and continues until the circuit is 
interrupted. 

The truth of these observations was proved 
by several of the experiments made by M. Vot-. 
ra, with his small portable apparatus, in the 
presence of M. Picrer, the naturalist of Geneva, 
and of several other persons. These experi- 
ments were afterwards repeated, and form the 
basis of a very extensive memoir, which our 
naturalist read at the French National Institute, 
and the substance of which will be given here- 
_ after. | 
_ -.“T began (observes Vora) by shewing, by 
several nice, yet simple experiments, that un- 
equivocal electrical phenomena are to be ob- 
tained by the simple contact of two different 
metals, without the intervention of any humid 
substance. ‘These experiments ought therefore 
to be considered as fundamental. To render . 
this electricity, which is so feeble, that, without 
having recourse to other artifices, it would be 
imperceptible, both sensible and manifest, I em- 
ploy my electrometers made of fine straws, com- 
bined with my condensers, the best of which are 


made 
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made of two metallic disks, having their smooth 
and polished surfaces nicely brought together, . 
and covered with a slight layer of sealing wax, 
or, in preference, with a good varnish of gum 
lac. | 

‘¢ The first mode of making this experiment, 
was to take two disks, or plates, one of copper, 
and the other of zinc, and to hold each of them 
by an insulating handle, made of glass coated’ 
with sealing wax. In this way their polished 
surfaces were applied to each other for an in- 
stant, and, having been dexterously separated, 
they were brought an contact with the electro- 
meter, which then marked, by a divergence of 
about a line of its straws, the electricity each of 
the disks had acquired. That the one which 
was of zinc had received the positive electricity, 
(el. +), and the one of copper, the negative, 
(el. —), was readily to be ascertained, by bringing 


. near to the electrometer a stick of sealing wax 


which had been previously rubbed. 

“It ought here to be noticed, that, in this 
experiment, the two plates, at the same time 
that they are, in consequence of their mutual 
contact, as two different metals, motors of elec- 
tricity, perform also the office of condensers, 
when their extensive surfaces are brought to- 
gether. This is the reason why their contrary 
states of electricity are so nicely counterbalanced ; 

and 
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and it likewise explains why the positive electr?- 
city in the plate of zinc, and the negative in the 
plate of copper, which would not otherwise rise 
higher than about the sixteenth part of a degree, 
a state, indeed, in which these ele¢tricities con- 
tinue so long as the plates are applied to each 
other, rise, as soon as they are detached, to one, 
one and a half, or two degrees, and even more. 
“« Such a state of electricity, it must be granted, 
is but trifling; and does not satisfy those who 
wish to see the effects on a large scale. In or- 
der, therefore, to produce still more striking 
electric phenomena, I commonly make use of a 
second condenser, placed on the electrometer it- 
self, and proceed in the following manner. I 
apply to each other the plates of copper and 
zinc, and, having separated them repeatedly, I 
bring one of these insulated plates, as often as 
the separation is effected, in conta& with the 
upper disk of the condenser, and the other, in- 
sulated in the same way, in contact with the 
lower disk, which rests on the electrometer. 
Having repeated these contacts ten, twelve, or 
twenty times, on elevating the upper disk of 
the above-mentioned condenser, the electrometer 
which supports the lower disk, rises to ten, iwelve, 
fifteen, twenty degrees, &c. : 
«Tt might be apprehended that, independ- 
ently of the action of the condenser, the extent 
of 


ee 
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of the contact, between the two diverse metals, 
contributes greatly, as such, to the elevation of 
the electricity to the above-mentioned degrees, 
and that it would be much lower, if they were 
merely to touch each other at some particular 
points. I demonstrate, however, the contrary, 
that is, that, in either of these cases, the elec- 
trical tension reaches, during the contact, the 
same point, which is nearly the sixtieth part of a 
degree of my electrometer made with fine straws, 
when the two metals are zinc and copper. When 
the plates are composed of zinc and silver, it is 
somewhat more considerable. With respect to 
this tension, as it requires a much larger quan- 
tity of the electric fluid, in the plate which per- 
forms the office of condenser, before it can be 
made to condense sixty, a hundred, a hundred 
and fifty, or two hundred times, it is on this 
account that one, one anda half, two degrees, &c. 
are obtained. 

“« To prove that a contact of two metals, of a 
small extent, and even at a few points only, dis- 
places the electric fluid in such a way, as to 
carry, in these metals, the tension to the same 
degree, I join a small plate of copper with ano- 
ther of zinc, either similar or dissimilar, with re- 
epect to its shape and size, applying them to 
each other at a few points only, or at a still 

greater 


14 VOLTA ON THE PHENOMENA OF GALVANISM. 


greater number of points, or even soldering them 
end to end.” 

Here follow several figures, by which this the- 
ory is elucidated, but which it is unnecessary to 
give in this place, as the subject will be more 
particularly inquired into hereafter. Professor 
VoLra now proceeds as follows: “ The action 
by which the electric fluid is excited and put i 
motion, is not produced, as has been falsely sup- 
posed, on the contact of the humid substance 
with the metal, or, granting this to be the case 
in a certain degree, it is unworthy of considera- — 
tion, when compared with the action which en- 
stiles, as my experiments have fully proved, on 
the contact being established between different 
metals. Consequently, the true element of my 
electromotive apparatus, in the form of a pile, or 
of a range of cups, or construéted in any other 
manner, conformably to the same principles, con- 
sists in the simple metallic pair of plates, com- 
posed of two different metals, and not, as a great 
number of naturalists have supposed, in a humid 
substance applied to a metallic substance, or 
comprised between two different metals. The 
humid layers, in a compound apparatus of this 
description, are therefore merely introduced to 
establish a reciprocal communication between alk 
the metallic pairs of plates, so arranged as to 

impel 
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impel the eletric fluid in one particular direc- 
tion; or, in other words, to make them commu- 
nicate in such a way, as that no part of the 
action should take a contrary direction. 

‘* After having nicely ascertained the degree 
of electricity I obtain from a single pair of me- 
tallic plates, by the help of the condenser which 
I employ, 1 proceed to shew that with two, three, 
four, or a greater number of pairs, well arranged, 
that is, all of them turned in the same direétion, 
and communicating with each other by as many 
humid layers, which, as I have demonstrated, are 
necessary to prevent any diverse actions, I obtain 
a double, a triple, a quadruple degree, &c. Con- 
sequently, if, by the means of a single pair, the 
condenser be electrified in such a ratio as to give 
to the electrometer three degrees, for instance; 
with two pairs, six will be obtained; with three 
pairs, nine; with four, twelve, &c. if not precisely, 
pretty nearly at the least. 

“ Thus is a small pile constructed, which 
does not, however, enable the electrometer to 
bestow any indications without the aid of the 
condenser. ‘To the end that it may manifest 
them without delay, and reach a full degree of 
electrical tension, which, as it is marked by half a 
line only of divergence of the points of the straws, 
is scarcely perceptible, it is necessary that such a 
pile shonld be composed of about sixty pairs of 

plates 
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plates of copper and zinc, or, which is still better, 
of zinc and silver, according to the proportion of 
the sixtieth part of a degree bestowed by each 
pair, as I have had occasion to remark. Under 
these circumstances the pile likewise gives shocks, 
if its two extremities be touched with the moist- 
ened fingers; and still more powerful ones, if 
they be touched by metals, the extensive sur- 
faces of which are grasped by the hands, im a 
humid state. By this last method a much better 
communication is established. 

‘In this way an apparatus, whether in the 
form of a pile, or of a range of cups, composed 
of thirty, and even of twenty pairs of plates, may 
be made to give shocks, provided the metals are 
well cleansed, and, more particularly, if the humid 
layers which afe interposed, instead of being 
moistened with water, are wetted with a pretty 
strong solution of saline substances. This is not, 
however, because these saline fluids augment, in 
a positive manner, the force of the electricity ; 
but because they facilitate the passage of the 
electric fluid, the current of which meets with 
fewer obstacles. ‘That they are better conduc- 
tors than pure water, has been demonstrated by 
several decisive experiments. 

‘«* To establish this fact, and to make it evyi- 
dent to those who could with difficulty be per- 
suaded that the electric force is, if not precisely, 


pretty 
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_ pretty nearly the Me. whether the humid layers ! 
have been soaked in pure water or in salt wat a 
notwithstanding there is so great a difference in 
the shock which is felt, I have frequently made 
the following experiment : T took thirty cups, or 
drinking-glasses, and constructed with them the 


particular apparatus which I denominate couronne 


de tasses, by putting into each of them a suffi- 
cient quantity of pure water, and establishing a 
communication between the first and second, 
the second and third, and thus on, consecutively, 
until the last, by the means of metallic arcs, 
which were terminated on the one side by a thin 
plate of copper, and on the other by a plate of 
zinc, the whole of them being turned in the 
same direction. The apparatus being thus ar- 
ranged, I tried its electrical force, by establishing 
a communication between the first of the cups, 
or glasses, and the floor; and having applied the 
condenser to a piece of metal partly immersed in 
the cup in question, it gave me, as soon as I had 
withdrawn it, and had separated one of the disks 
from the other, in a proper manner, and with- 
out any delay, forty, sixty, or a still greater 
number of degrees, according to the condensing 
force. I likewise tried the shock in the most 
advantageous manner, and found it to be very 
weak. After having been fully satisfied, both 
of the degree of electricity, and the weakness of 
VOU It. | C the 
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the shock, I threw a pinch of salt into each of 
the cups; and, on a repetition of the trials, I 
found that the electricity was not augmented, 
the condenser still affording me no more than 
the forty or sixty degrees, as before, although 
the shocks were incomparably stronger. 

‘“‘T have already informed you, that, by means 
of the apparatus, such as it has been de- 
scribed, I charge a Leyden phial, whatever may 
be its capacity, and even a large battery. I 
charge them in an instant, or, to speak more 
correctly, in less than the twentieth part of a 
second, and pretty nearly to the same degree as 
the apparatus itself; namely, to about a degree 
of tension, provided the apparatus is composed 
of sixty pairs of plates; to two degrees, if it 
contains a hundred and twenty, &c. In such a 
case I can, by the help of my condenser, draw a 
pretty strong spark from small jars charged in this 
manner, a great number of similar sparks from 
large jars, and an almost unlimited number from, - 
the apparatus itself. 

‘“‘ | have informed you, that large jars, when, 
thus charged, gave me moderate shocks, and the 
batteries, pretty strong ones, which extended to, 
above the joint of the elbow. ‘Those produced, 
by a battery provided with acoating of ten square 
feet, and charged, in less than the twentieth 
part of a second, by an apparatus having two, 

hundred 
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hundred pairs of metallic plates, are so strong 
as to be nearly insupportable. I have not as yet 
made any trials with larger batteries ; but there 
is every probability that the force of the shocks 
would be augmented in proportion to their size, 
until a certain limit, on the extent of which I 
cannot decide. It would thus be possible, with 
batteries of forty, sixty, and a hundred feet 
square, to give pretty strong shocks, if they 
were to be charged by the sudden and transitory 
contact of a pile of sixty pairs only, and even of 
forty or thirty, or perhaps still less. 

“© T have explained to you the mode which 
ought to be followed, to give a successful issue 
to these experiments. It is more particularly 
necessary to avoid, with extreme care, the small- 
est interruptions in the communications be- 
tween the conductors and the coatings of the © 
jars, as well as between each other. This is still 
more essential, when the electromotive appara- 
tus, composed of a few pairs of plates, is not 
very powerful ; seeing that it is unable to over- 
come the slightest obstacle it may meet with in 
its passage, or which may resist the course of the 
electric fluid. | 

“ Finally, I have pointed out to your notice, 
that these experiments confirm, in the most de- 
cisive manner, what had been already suggested 
by the preceding ones; namely, that the quantity 
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of eleciric fluid put in motion by my apparatus, 
is much larger, within any given space of time, 
than the quantity which can be obtained by the 
common electric machines. A more abundant 
supply is procured by the means of my apparatus 
than by the latter, when the object is not an 
accumulation of the electric fluid in imsulated 
bodies, with a view to raise the electricity they 
contain to a high degree of tension, which may 
be effeGed by the above-mentioned machines, 
but not by the pile, and other similar contri- 
vances, unless a condenser be employed ; bat Ga 
when the aim is to establish a constant current 
of the fluid in question, to be kept up by an ~ 
unceasing action in a circuit of non-insulated con- 
ductors. In this latter case, an apparatus of 
sixty pairs of metallic plates, and even of thirty, 
pours out every instant, or, in other words, 
within any given time, a greater quantity of the 
electric fluid, provided it does not meet with any 
obstacle, and is not obstructed by the small and 
disproportionate capacity of the recipient in 
which it is collected, than the best and most 
powerful electrical machine, constructed either 
with a cylinder, or with a plate of glass. In rea- 
lity, where is an electrical machine to be found, 
which is capable of charging to a degree, or even 
to half a degree, a very large battery, in less 
than the eighth part of a second, and which is 
| enabled 
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enabled to infuse into it such a quantity of the 
electric fluid as may suffice, when it is afterwards 
drawn out by the help of a condenser, to pro- 
duce a great number of sparks, following each 
other in succession ? This is, ile eth! 
the case with one of my machines. 

“The other experiments, a part of which were 
witnessed by you, regard the different electrosco- 
pic phenomena produced by the apparatus, ac- 
cording as either of its extremities is made to com- 
municate with the ground, or both of them, or 


neither, or as they simply communicate with each 


other and with the ground at the same time ; and 
finally, according as the communications are 
made by perfect conductors, by more or less im- 
perfect ones, &c. Each of the above circum- 
stances modifies in a singular way, and gives a 
great variety to the result, which is frequently as 
curious as itis irregular. This I think I can ex- 
plain in a satisfactory manner, without deviating 
from my own principles, and from the best elec- 
trical theories, by a nice attention to the mode 
in which bad or imperfect conductorsa@t. These 
details would lead me too great a length.” 

The following observations on the above letter, 


are from the pen of the intelligent Mr. Ni- 


CHOLSON *, 
$6 * Signior Votta, and many of our cil iol 


* Phil, Journal, vol. i, 8vo, p. 142. 
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eal neighbours in France, will no doubt think, 
on reconsidering the fa¢ts, that they have been 
too precipitate, in admitting the electric energy 
as the only effective agent in the phenomena of 
the pile, and that fluids act merely as conductors. 

The recent interruption of correspondence may 
probably have rendered the contents of my Jour- 
na! little known in France, otherwise the learned 
author of the above letter would have found a 
fatal objection to that part of his theory, which 
gives all to the metals, and nothing to the fluids, 

in Mr. Davy’s galvanic pile*, consisting of one 
metal throughout, but with different stata of 
fluids; for example, thus: metal, cloth soaked 
in dilute nitrousacid, cloth soaked in water, cloth 
soaked in sulphuret of potash; then the same 
metal and nitrous acid, water, and sulphuret ; 

the metal, &c. Or, if a trough be used, the 

separation between the acid and sulphuret may 

be made by a plate of horn, and the two. fluids 

may be connected by a slip of wetted paper hung 

over the edge of the horn, which will not cause 

the fluids to mix, because water is lighter than 

either. The metals separately and successfully 

tried were, silver, copper, zinc, and lead. 

** To this I will here add, from conversation, 
an experiment of the same philosopher, whichis 


Gm 


* An account of this contrivance will be givenin the sequel, 


ae) 


NICHOLSON S REPLY TO VOLTA. 23 


no less conclusive as to the direct effeG of the 
fluid in this apparatus ; because the same electric 
power is made to move either from the top or 
bottom of a pile of two metals, according to the 
naturé of the interposed fluid. Ifa pile of iron 
and copper be constructed as usual, with water 
interposed, the iron becomes electrified plus, and 
the copper minus; but if the same, or a similar 
pile, be constructed with no other difference, than 
that sulphuret of potash is used instead of water, 
the iron is electrified mznus, and the copper plus. 
In the first case the iron is oxyded; but in’ the 
second there is no oxydation of this metal, and 
the copper is oxyded, and probably sulphurated. 

“ Lastly, we have another instance of the power 
and importance of fluids in the article* which 
follows the present, where charcoal alone is used, 
and the leading condition is, that two different 
fluids shall be used. 

“ As we know by the experiments of M. Dr 
SAUSSURE, and many others, that chemical changes 
do disturb the equilibrium of ele¢tricity, and they 
certainly take place in the pile, it seems at least 
probable, that these may have the chief agency in 
the apparatus. With regard to the principle of the 
eletric-motors of Signior Vora, I must observe, 
that Benner made many direct experiments by 


* An analysis of this article will be introduced in its proper 


place. 
cA the 
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the application of different metals, by the single 
and double touch, to the plates of the doubler, 
followed ‘by the produdtion of electricity, by him 
called adhesive electricity, which were published 
in ‘his. new experiments on electricity. Others 
were made by Cavatto, on the electricity pro- 
duced by the contact or stroke of a piece of. me- 
tal let fail from the hand, for the most part, on 
an insulated metallic plate, which were published 
in the third volume of his*Electricity, in 1795. 
I do not know the date of VoLra’s experiments, 
but believe them to be much later than those of 
the same kind by Benner. This last philoso- 
pher, as well as CAvALLO, appears to think that 
different bodies have different attractions or capa- 
cities for electricity ; but the singular hypothesis 
of electro-motion, or a perpetual current of elec- 
tricity being’ produced, by the contac of two dif- 
ferent metals, is, I apprehend, peculiar toVotTa.”’ 

Towards-the close of the year 1801, Professor 
Vortta, accompanied by his friend and colleague 
BruGNATELLI, paid a visit to Paris, to hold a con- 
ference with the savans of that capital, on various 
scientific objects, and principally on the phenome- 
na of the galvanic pile; a discovery which does him 
somuch honour, and which interests, in so high a 
degree, the progress of the physico-chemical sci- 
~ ences. In the sitting of the class of physical and 
mathematical sciences of the French National In- 


stitute, 
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- gtitute, held on the 7th of November 1801, this 


celebrated naturalist read a part of a memoir, 
written by him, and containing the detail and 
results of his new experiments on galvanism. It 
should be observed, that the aim of these -ex- 
periments was to bring fresh and striking evi- 
dences of the identity of the galvanic and elec- 
tric fluids, agreeably to the hypothesis he had 
invariably maintained. The reading of the me- 
moir was terminated at the two sittings next fol- 
lowing; and on the 2d of the ensuing month, 
December, a gold medal. was unanimously de- 
ereed to the learned professor of Pavia. 


_~ The following extract from the above report, 


which has made so strong an impression on the 
scientific world, will, we flatter ourselves, be 
highly gratifying to our readers. It will be 


. found to contain a summary, but clear, exposi- 


tion of the new and improved theory and doc- 

trine of VoLTaA. | 
Our naturalist, after having observed that he 
had already explained, in his letter to M. pE La 
Merueriz, the motives by which he had been 
led to advance that the galvanic fluid, or agent, 
ig no other than the true electric fluid, proceeds 
to the observation, that the denomination which 
is employed, whether it be that of galvanic elec- 
tricity, or that of the galvanic agent or fluid, 
is of little importance, provided there be not any 
discord- 
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discordance as to the facts. To attain this aim, 
and to put an end to every idle contestation, 
arising from the want of a due and mature con- 
sideration of the subject, he has deemed it ne- 
eessary, by a recapitulation of several principles, 
to which little or no attention had been paid, to 
obviate the difficulties and objections which had 
not escaped him, although he had passed them 
ever in silence. ‘* Accordingly (he observes) 
the present memoir may be considered as a se- 
quel of the letter I have alluded to above, or, 
rather, as forming a part of several other 
memoirs which I purpose to publish here- 
after, notwithstanding this one contains in it- 
self a ogee system both of eae and doc- 
trine.” 

The memoir is divided into twenty-nine sec- 
tions. In the first of them Vouta explains the 
three most forcible objections which have been 
brought forward, against the homogeneity of 
the galvanic and electric fluids. They are to the 
following effect : 

Ist, ‘The absence of several ele@trieal pheno- 
mena, and the scarcely perceptible development 
of several others, when compared with the 
shocks, painful sensations, &c. produced by the 
simple contact of two metals of a different na- 
ture, such as silver and zinc, as well as by the 
assemblage of several pairs of these diverse sub- 

stances, 
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stances, communicating with each other by the 
means of a humid conductor. 

adly, The imperfect transmission of the gal- 
vanic fluid, or principle, whether it is produced 
by the simple galvanic apparatus, which has been 
long known, or derives its source from the com- 
pound apparatus, invented by the author. To 
this consideration may be added the property 
possessed by certain substances, such as rarefied 
air, flame, &c. of suspending, and even anni- 
hilating, the action of the apparatus, notwith= — 
standing these substances are considered as ex- 
_eellent conductors of electricity. 

3dly, The strange and surprizing decomposi- 
tion of water, when it is subjected to the above 
apparatus. ‘This result it would be difficult to 
ascribe to a very feeble electricity, which the 
most delicate electrometers render scarcely per- 
ceptible ; seeing that it is not produced, either 
by the most powerful discharges of a common 
electrical machine, or by a very rapid and long 
continued electric current. 

Such are the doubts and objections which 
Voxtta endeavours to remove in the present 
memoir. He considers those by whom they 
have been made, as being but little versed in the 
science of electricity, more especially in the part 
which embraces electrometry. 

To reply in a satisfactory manner to these ob- 

jections, 


rs OS sees, a 
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jections, he found it necessary to ascertain with 
precision the degrees of force which the electri- 
eity receives from the contact of two metals of 
a different nature; a contact by which they are 
rendered not merely conductors, but even ex- 
citers, or motors, of the electric fluid. For this 
purpose he made choice of the two particular 
metals the most opposite to each other, and at 
the same time the most active, namely, silver and 
zinc, the efficacy of which is augmented, instead 
of being diminished, when they contain a cer- 
tain proportion of other metallic substances. 
When they are both of them well cleansed, and 
their surfaces polished, the instant they touch 
each other, in a direét way, at one or several 
points, they displace the electric fluid, and de- 
stroy its equilibrium, so as to make it pass from 
the silver to the zinc, and to be rarefied in the 
one, while it is condensed in the other. In this 
double state of rarefaCiion and condensation it 
is maintained, provided the two metals have not 
any communication with other conductors, which, 
agreeably to the laws of equilibrium, may supply 
to the first the dose of electric fluid it has lost, 
and deprive the second of the dose it has ac- 
quired. | 
After having described his ele€trometer made 
with fine straws, which indicates the sixtieth 
part of a degree of positive electricity in the 
former 
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former of these metals, and of negative electri- 
city in the latter; and after having made a com- 
parison between this electrometer and *»the one 
invented by Bennet, our author proceeds to ob- 
serve, that he can render this electricity sensible 
to either*of the above instruments, and ascertain 
either its positive or negative quality, by the help 
of his newly invented condenser, a description 
of which he gives, as well as an explanation of 
the uses to which it may be applied. He com- 
plains that it has not in general been employed 
with all the attention necessary to ensure the 
success of the experiments. 

This conductor having been disposed in the 
manner which he points out, Voura proceeds to 
his experiments, the detail of which could not 
be comprehended without the plates by which 
they are accompanied. It will suffice to observe, 
that the experiments which he describes, prove 
that the force which gives the impulsion to the 
electric fluid, instead of arising from the com- 
munication of such or such a metal, with one or 
several humid conductors, is produced by the re- 
ciprocal contact of the two metals, at the pre- 
cise part where they touch each other. 

With respect to the suspicion which may be 
entertained, that the eleciric fluid is displaced 
by the contact either of the silver, or of the 
zinc, with the fingers by which it is held; or 

| with 
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with any other humid conductor which may sup- 
ply their place, he observes that this suspicion 
falls to the ground, if the experiments be re- 
peated without the hand, or any other humid 
substance, touching the two laminas of silver 
and zinc; or, in other words, without there be- 
ing any contact, unless between the two metals 
themselves. ‘This may be effected in several dif- 
ferent ways, which our author describes. 

In his letters to Professor Gren *, Votta had 
already proved the affirmative of the question, 
whether the electric fluid receives a certain de- 
gree of impulsion from the direct contact of a 
metal with a humid conductor. He now ob- 
serves, that this impulsion is so weak when water 
is employed, either pure or combined with salt, 
as not to admit of any degree of comparison 
with the one which results from the communi- 
cation of different metals, such as zinc, silver, 
or copper. He excepts, however, several of the 
concentrated acids, as well as several alkaline 
liquors, and alkaline sulphurets, &c. which, by 
their contact with different metals, give a very 
sensible impuision. | 

Having determined, with great precision, by 
several other experiments, the particulars of which 
he does not detail, the ratio of the impelling or 


* See vol. i. of this work, p. 99. 
accu-= 
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accumulating force of the conductor he employed, 
he found it easy to discover the degree of the 
force or tension of the electricity, respectively 
acquired by each of the two plates of silver and — 
zinc, when brought in contact. ‘This tension 
was either maintained or renewed, by keeping up 
or renewing the communications. Its different 
degrees were calculated by those of the con- 
densation readily obtained with a good con- 
denser, the surfaces of which had been polished, 
and carefully coated with varnish. 

He thus proved, by the aggregate of his expe- 
riments, which were varied in several different 
ways, that the sixtieth part nearly of a degree of 
his electrometer made with the fine straws, consti- 
tutes the electrical tension occasioned by the mu- 
tual conta¢t of zinc and silver. In this tense state, 
the electricity is, as has already been observed, 
positive in the former of these metals, and nega- 
tive in the latter. Several other metals, which 
differ less in the power of inciting the electric 
fluid, produce a smaller tension in proportion as 
their difference, in this respect, is diminished, 
and according as they are less distant from each 
other in the following scale: sz/lver, copper, iron, 
tin, lead and zinc. In this scale the first of these 
metals drives the fluid into the second, the se- 
cond into the third, and thus consecutively, 
VoLTA gives it a very extensive range, and makes 

it 
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it embrace several other metals, semi-metals, 


pyrites, charcoals, &c. He observes, that there 
are other substances which appear to drive the 
eleGtri¢ fluid into various metals, more particu- 
larlyanto zine, with a greater force than silver. 
These substances are plumbago, several kinds of 
charcoal, and, more especially, crystalized black 
manganese, the communication of which with 
the zine produces a tension nearly twice as great 
as that of the silver and zinc, that is, it is car= 
ried to the thirty-fifth part of a degree. 

But, to the end that this effect may be pro- 
duced, it is necessary that the plate of silver 
should communicate with good conductors, in 
which it may find the ele¢tric fluid it is to impart 
to the zinc, and which the latter is to deposit in 
the condenser, to the end that the electricity 
may be accumulated to the degree above pointed 
out. It follows from hence, that the ele¢trome- 
ter cannot, even with the help of the best con- 
ductor, denote any portion of electricity m two 
different metals which touch each other, provided 
one of the two does not communicate with a 
sufficiently capacious recipient, at the same time 
that the other transmits the electricity it has 
successively acquired, to the condenser, in which 
it is accumulated. 

“¢ All these experiments,” observes M. Vorra, 
‘‘ which alike gave me two, three, or four de- 


grees 
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grees of positive electricity, in a plate of zinc, 
and of negative, in a plate of silver, are the re- 
sult of the same principles, that is, that the sil< 
ver drives the electric fluid into the zine in such 
a ratio as to produce a tension of about the sixtieth 
part of a degree of positive electricity in the lat- 
ter of these metals, and of negative electricity in 
the former. ‘This tension is produced by a dose 
of the electric fluid, communicated by one of the 
plates to the other, which is the more consider- 
able in proportion as these plates, by a due 
approximation, and by a reciprocal counter- 
balancing of each other, answer the purpose of 
excellent condensers. It is accordingly proved, 
that the positive electrical tension in the zine, is, 
as well as the negative in the silver, about the 
sixtieth part of a degree; and that it is main- 
tained in this state during the whole of the time 
that these two metals touch each other, without 
having any communication with other condensers, 
susceptible of receiving and transmitting the elec. 
tric fluid, impelled and displaced by this tension.” 

Votta proceeds to adduce the most satisfac- 
tory and conclusive proof, that the degree of the 
above cited electrical tension, occasioned by the 
mutual contact of the metals which have been 
pointed out, is precisely what he has stated it to 
be. This proof he draws from a multitude of 
other experiments, the results of which he gives, 
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made with several couples of metallic plates. 
After having pointed out the most simple mode 
ef making these experiments. successfully, he 
insists on the necessity of placing, between each 
of the pairs of metallic plates, a humid layer, 
Fhis condition is so essential, that it is impos- 
sible to obtain an augmentation of electricity, 
that is, a tension greater than the sixtieth part 
of a degree, with simple pieces of zinc and silver 
brought together, whatever may be their shape 
and form, without the intervention of a third 
humid conductor, endued with a similar energy. 
This electrical augmentation cannot even be 
effected by the aggregation of three, or of seve- 
ral metals, with the intervention of humid con- 
ductors, inasmuch as there exists a certain ratio 
between the metallic conduors of the first 
class, relatively to the force with which they 
impel the electric fluid, the one into the other. 
The force, or impulsion, given by two metals to 
the electric fluid, is, according to VoLta, equal 
to the sum of the forces of those which are 
found in the series, or graduated scale, between 
these two metals, Thus, whether the interme- 
diate metals do, or do not, enter into the appa- 
ratus constructed simply of metallic substances, 
or whether they are all of them interposed be- 
tween the two by which the ‘extremities are 
formed, or, lastly, whether a part of them only 
a be 
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be thus interposed ; whatever disposition of them 
~may, in short, be made, there will not be any 
change in the electric force, which will be abso-. 
lutely the same as when the first of the metals 
in the series is in immediate contact with the 
last. 3 

Vorra speaks of a discovery which still re- 
mains to be made, and which, however difficult 
it may appear, may, notwithstanding, in his opi- 
nion, be effected, namely, that of a new eleétro-_ 
motor, composed entirely of solid substances. 
«© Would it not suffice for this purpose,” he ob- 
serves, ‘to find a solid conductor, either deprived 
of every force of impulsion, or possessing it in 
any other point of view except in the one I have 
eited, which should be made to supply the place 
of the humid conductors, between the common 
pairs of plates of diverse metals? The corre- 
spondence of action and of force, inherent in 
metals, has been ineffeCiually sought in the sub- 
stances which hold an intermediate station be- 
tween them and fluid bodies.” 

Our naturalist proceeds to inquire, whether the 
ratio which subsists in the ele@rical impulsive force 
of the conduéors of the first class, and which does 
not extend from that class to the second, is to be 
again found among the conductors of the latter 
order, when reciprocally compared with each 
‘other, He observes that, even on the suppoOsi+ 

D2 tion 
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tion. of this ratio, it would be impossible to form, 
with these substances alone, in the same Way ag 
with simple metals, an instrument possessing a 
sufficient energy to produce the shocks and 
_ sparks. Nature has confined. this inestimable 
advantage to the electrical organs of the torpedo, 
and of the Surinam. eel, gymnotus~ electricus, 
which are entirely composed of humid conduc- 
tors, without any metallic portions. This arti- 
Jice, observes Vouta, we shall, according to every 

. probabihty, one day contrive to imitate. ; 
We must conseguently either suppose, in these 
bodies, a different ratio in their electrical actions, 
or admit, in the second class, a sub-division, a 
third class of conduétors, which may accord re- 
ciprocally in the exercise of the impulsive power, 
at the same time that they are not in agreement 
with the humid conductors, or conductors of the 
second class. . 
Votra concludes by giving it as his opinion, 
that the composition of this third class of sub- 
stances, which are at the same time conductors 
and motors, may be formed by substances drawn 
from a humour, which, as it coagulates and 
becomes fixed in a degree imperceptible to our 
senses, cannot with propriety be denominated a 
humid substance. It is presumable, according to 
him, that in the electric organs of the torpedo, 
the small layers, or pellicles, placed one above 
oe | the 
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the other in each of the columns, are alternately 
formed of conductors, partly belonging to the 
second, and partly to the third class, arranged in 
such a way as that each layer, or heterogeneotis 
pair of the third class, is separated by a conduc- © 
tor, that is, by a humid layer, belonging to the 
second class. ‘* Such is,” observes he, ‘* the 
idea I have conceived of the electric organ of the 
torpedo, solely composed of conducting sub- 
stances. This organ cannot otherwise be com- 


‘pared than to an electrical apparatus, the con- 
Struction, form, and effects of which are nearly 
similar.”’ 


We have thus given the substance of Pro- 


fessor Voura’s memoir, without omitting any of 
‘the essential points which tend to establish the 


new theory he has adopted. We are, never- 


theless, of opinion, that, to comprehend it fully, 
it is necessary, as has already been observed, that 
our readers should peruse the memoir itself, and 
this for the following reasons: because it con- 
tains a chain of facts and arguments the whole 
of which could not have been introduced into 
any extract or analysis ; and because its author, 
in propounding his ideas, frequently refers his 


reader from one section to another. The extract, 


however, which will be given hereafter of M. 


Van Marum’s letter to Professor Votra, will 


throw a new light on the above theory, and 
| b3. render 
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render it more sensible to the perceptions. It is 
necessary, in the mean time, to say something 
of the interesting report made to the French 
National Institute on the memoir in question. 
As soon as it had been read by its author, 
a commission * was appointed by the Institute ; 
and the report was made on the 2d of December, 
1801, by Brot, one of the members. ‘The re- 
porter sets out by observing, that Vorra had 
been the first to announce, that the animal arc 
which he had introduced into his experiments, 
was almost exclusively calculated to receive and 
manifest the galvanic influence, but was very 


little, if at all, concerned in its production; and 


likewise, that the muscular irritation, which had 
been originally considered as the important part 
of the phenomenon, was, in his opinion, merely 
an effect of the electrical action, produced by 
the mutual contact of the metals of which the 


exciting arc is formed. ‘This opinion, while it: 


found several partisans, having been strongly 
controverted by other physiologists, gave rise to 
a great variety of experiments, which, however, 
had not afforded any decisive or positive result, 


* The commission was composed of the following very re- 
spectable names: Laptacze, Coutoms, Hartz, Monee, 
Fourcroy, VavuavELiIn, PELLETAN, CHARLES, Brisson, 
GABATIER, GuYTON, and Biot, 


when 


VOLTA’S NEW THEORY AND DOCTRINE. 39 


when the former report * was made by M. Hatue, 
to the class of mathematical and physical scieuces. 

The researches by which Vorra, in pursuing 
the route he had traced out, endeavoured to at- 
tach to his early discovery all the phenomena 
which galvanism presents, were not known at 
that time. This learned naturalist has since 
communicated several others of an equal im- 
portance, which he has endeavoured to connect 
by a very ingenious theory. ‘If any thing,” 
observes the reporter, ‘‘ still remains to be done, 
to ascertain with precision the laws of this singu- 
lar action, and to subject them to a rigorous cal- 
culation, the principal facts on which it is founded, 
appear, at the least, to have been invariably 
fixed.” | 

The commission now proceeds to give an ac- 
count of the fundamental experiments of Pro- 
fessor Votta; of the application he made of 
them, in establishing his. theory; and of the 
readiness with which he repeated them several 
times before the members of the commission, 
who were thus enabled to ascertain the truth and 
‘precision of the results. 

The principal fact, from which all the th 
are derived, has been already touched upon in 
the extract we have given above from Vonra’s 


~- 


* See vol. i. p. 3603, of this work. 
pA memoir. 
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memoir. It is, however, essential that it should 
be more particularly adverted to in this place. 
It is as follows: If two diverse metals, insulated, 
and possessing their natural quantity only of 
eleétricity, be brought in contact, it will be found 
that, as soon as they are withdrawn from this 
contact, they will ‘possess different states of elec- 
tricity, or, i other words, one of them will be 
in the positive, the other in the negative state. 
Thus, in the mutual contact of copper and zinc, 
the copper becomes negative, as to its electricity, 
and the zinc positive. ‘The development of the 
electric fluid is consequently independent of any 
humid conduétor. All the other facts connected 
with this leading one, the commission ascer- 
tained to be incontestible. ‘The reporter next 
adverts to the mode in which the above facts are 
explained by Votra, who establishes between 
them and the principal one an intimate connec- 
tion. He shews how easy it is, according to the 
theory of this great naturalist, to explain his 
pile; and, to do this with a greater degree of 
simplicity, supposes it to be fixed on an insulator. 
He represents by unity, the excess of electricity 
which a piece of zinc has over a piece of copper, 
when the two metals are brought into direé 

contact. | 
Vorra likewise makes two suppositions, the 
first of which is, that the galvanic fluid is trans- 
mitted 
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mitted from one pair of plates to another, in 
the insulated pile, through the bits of moistened 
pasteboard, even when there does not exist any 
communication between the two extremities of 
the pile. The second supposition is, that the 
excess of electricity which the zinc takes from 
the copper, is, relatively to these two metals, 
invariable, whether they are, or are not, in their 
pure and natural state. Voxra founds the first 
of these suppositions on an experiment, in which 
the condenser becomes charged, when the col- 
lecting plate, covered by a piece of wetted paper, 
is touched by the copper extremity of a metallic 
plate, the other extremity of which, made of 
- gine, is held between the fingers. “ With re- 
’ observes the 
reporter, ‘‘it is as simple as can possibly be ima- 


spect to the second proposition,’ 


gined. It requires, however, he adds, a series of 
very nice experiments, which we have not as 
yet had an opportunity to make, to ascertain the’ 
precise degree in which it is conformable to Na- 
ture.” 

He afterwards observes, that the same theory 
is likewise applicable to any two metallic sub- 
stances whatever of which the pile may. be com-~ 
posed ; and that the effects of the different forms 
which may be given to the apparatus employed 
for its construction, will depend on the diffe- 
rences of the electricity which may ensue, at the 

, instant 
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instant of contact. This equally holds good 
with respect to all other substances, between 
which there may subsist an analogous a¢tion. 
Thus, notwithstanding this a¢tion may in gene- 
ral appear very weak between fluids and metallic 
substances, there are still several of the former, 
such as the alkaline sulphurets, which, when 
combined with metals, have a very sensible 
action. In this way the English experimenters 
have succeeded in supplying one of the metallic 
elements of the pile by the above sulphurets, 
M. Prarr has likewise applied them to this use 
in his experiments. 
On this head, Professor Vietles has discovered 
a very singular relation between metallic sub- 
stances. by which the construction of a pile, with 
these substances alone, is rendered impracticable. 
It has been seen, in the analysis of the memoir 
itself, that Voxtra divides the conductors into 
two classes, the former of which comprehends 
solids, and the latter fluid bodies. It has been 
hitherto impossible to construct an apparatus in 
the form of a pile, in any other way than by a 
due and appropriate assemblage of conductors of 
the two classes above cited. ‘hat it is utterly 
4mpracticable with the former of them, has been 
fully demonstrated ; but the reciprocal action of 
the substances of which the second class is com- 
posed, is not as yet sufficiently understood, to 
enable 
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enable naturalists to decide whether this fact is 
equally applicable to them. 

«« Such is pretty nearly,” observes the re- 
porter, “ the summary of the theory of Voira, 
relatively to the electricity which has been de- 
nominated galvanic. Its aim has been to reduce 
all the phenomena to a single one, the existence 
of which is now well established. It consists of 
the development of metallic electricity, by the 
mutual contact of metals. It seems to be 
proved, by the experiments of this naturalist, 
that the fluid to which the muscular contrac- 
tions, and the phenomena of the pile, are 
ascribable, notwithstanding it -has long been 
considered as a particular fluid—a fluid sui ge- 
neris~—-is merely the common electric fluid, put 
in action by a cause the nature of which is un- 
known, but the effects of which we evidently 
see. | 
‘«* After having found, and estimated, as it 
were, by approximation, the mutual action of 
the metallic elements, it remains that it should 
be ascertained in a precise manner, and that an 
inquiry should be made, whether it 1s fixed and 
invariable in metallic substances of the same na- 
ture, or whether, on the other hand, it varies 
with the qualities of the electricity they contain, 
as well as with their temperature. It is neces- 
sary to calculate, with an equal degree of pres 

cision, 
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cision, the appropriate action which fluid bodies 
have on each other, and on metallic substances. 
We shall then be enabled to form an estimate on 
exact data, and reduce the distribution and mo- 
tion of the electricity, in the apparatus of Pro- 
fessor VouTa, to the true law which they obey, 
thus completing the explanation of the pheno- 
mena the pile presents. These nice researches 
require, however, a recourse to the nicest in- 
struments which naturalists have contrived, to 
measure the force of the electric fluid. Finally, 
it remains to inquire into the chemical effects of 
this electric current; into its action on the ani- 
mal economy; and into its degree of similitude 
with the electricity of minerals and fishes. These 
researches cannot fail to be highly interesting.” 

The reporter, M. Bior, concludes by a rapid 
view of the progress of electricity, from its origin 
to the discovery of the galvanic phenomena. These 
phenomena, he observes, which are stamped by so 
many singularities, and which are so different in 
appearance from whatever had been heretofore 
known, led to the matchless discovery of Professor 
Vouira, and enabled him to apply them to the 
construction of an apparatus, calculated to aug- 
ment their force at pleasure, and to connect them, 
by certain results, with other phenomena, of in- 
finite importance both to chemistry and to the 
animal economy. 7 


In 
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In three notes, by which the report is termi- 
nated, several of the phenomena of the Voltaic 
pile are subjected to a nice calculation. Several 
others, M. Bror observes, may be calculated in 
the same way; but, to the end that the data 
may be exacl, it is necessary that the experi- 
sents should be made with the utmost precision. 


CHAP 2 


a 
ace 
* 


( 46 ) 


CHAP. XV. 


Interesting inquiries on galvanism, made by British 
__ philosophers since the discovery of the Voltaic 
“pile. : 


NO sooner had the discovery of the pile 
been announced, in the letter, referred to in 
our last chapter, from Professor Votra to Sir 
Josep Banxs, than it excited a general interest 
among the British philosophers, a summary of 
whose inquiries we now proceed to give. We 
begin by extracting the following article from 
Tittocn’s Philosophical Magazine *. 

«“ Mr. A. CariisLe, surgeon, having been fa- 
voured with a perusal of the above letter, by the 
very respectable President of the Royal Society, 
repeated, in conjunction with Mr. Nicuoxson, 
of Soho-square, the experiments of Professor 
Voxtta, and obtained similar results. At a very 
early part of the investigation, the pile having 
been formed, and the contaéts secured by placing 
a drop of water upon the upper plate of the pile, 
Mr. Caruisie observed a disengagement of gas 


* Vol. vii. p. 337. 
round. 
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round the conducting wire. This gas, though 
minute in quantity, seemed to Mr. Nicnonson 
to have the smell of hydrogen, when the wire of 
communication was steel. This, with some other 
facts, led him to propose to break the circuit, by 
the substitution of a tube of water between two 
wires. Accordingly, a brass wire through each 
of two corks was inserted at the opposite ends 
of a glass tube about half an inch in diameter, 
filled between the corks with water : the distance 
between the points of the wires in the water, was 
about an inch and three quarters. 
© "This compound discharger was applied so 
that the external ends of its wire were in contact 
with the two extreme plates of a pile of thirty- 
six half-crowns with the correspondent pieces of 
zinc and pasteboard. A fine stream of minute 
bubbles immediately began to fiow from the point 
of the lower wire in the tube, which communi- 
cated with the silver, and the opposite point of 
the upper wire became tarnished, first deep 
orange, and then black. On reversing the tube, 
the gas came from the other point, which was 
now lowest, while the upper, in its turn, became 
tarnished and black. Reversing the tube again, 
the phenomena agam changed ther order, In 
this state the whole was left for two hours and 
3 half. The upper wire gradually emitted whitish 
filmy clouds, which, towards the end of the 
process, 
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process, became of a pea-green colour, and 
hung in perpendicular threads from the extreme 
valf inch of the wire, the water being rendered 
semi-opaque by what fell off, and in a great part 


lay,.of a pale green, on the lower surface of the 


tube, which, in this disposition of the apparatus, 
was inclined about forty degrees to the horizon. 
The lower wire, three quarters of an inch long, 
constantly emitted gas, except when another 
circuit, or complete wire, was applied to the ap- 
paratus ; during which time the emission of gas 
was suspended. When this last mentioned wire 


was removed, the gas re-appeared as before, not 


instantly, but after the lapse of four beats of a 
half-second clock standing in the room. The 
product of gas, during the whole two hours and 
a half, was two-thirtieths of a cubic inch. It 
was then mixed with an equal quantity of com- 
mon air, and exploded by the application of a 
lighted waxed thread. 

sian Ws) have reversed the tube would have an- 
swered the same purpose, but they chose to do 
this, and found that, when the zinc was at the 
bottom, its effects were reversed; that is to say, 
the gas still came from the wire.communicating 
with the silver, &c. 

‘© Messrs. Cartiste and Nrcuorson were led, 
by reasoning on the first appearance of hydrogen, 
to expect a decomposition of water; but it was 

with 
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with no little surprize that they found the hydro- 
wen extricated at the contact with one wire, 
while the oxygen fixed itself in combination with 
the other wire at the distance of almost two 
inches. As the distance between the wires 
formed a strikirig feature in this result, it became 
desirable to ascertain whether it would take place 
to greater distances. When a tube three quar- 
ters of an inch in diameter, and thirty-six mches 
long, was made use of, the effect failed, though 
the very same wires, inserted into a shorter tube, 
operated very briskly. | 

‘« The experiment being tried with tin@ure of 
litmus in place of water, and the oxydating 
wire; namely, frorn the zinc side, being lowest in 
the tube, it changed the tincture red in about 
ten minutes as high as the upper extremity of 
the wire. The other portion remained blue. 
fience it seems either an acid was formed, or 
that a portion of the oxygen combined with the 
litmus, so as to produce the effect of an acid. 

«* It may be here offered as a general remark, 
that the eleGric pile with card, or with woollen 
cloth, continues in order for about two days, or 
scarcely three; that, from a series of glasses set 
up by Mr. Caruisze, as well as from the pile 
itself, it appears that the same process of decom- 
position of water is carried on between each pair 
of plates, the zinc being oxyded on the wet face, 
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and hydrogen given out; that the common salt 
is decomposed, and exhibits an efflorescence of 
soda round the edges of the pile, extruded, most 
probably, by the hydrogen: and that,.on ac- 
count of the corrosion of the surfaces of the zinc, 
it is necessary to renew them previously to each 
construction of the pile. This may be done by 
scrapin@or grinding. 

‘¢ By several accurate and well conducted ex- 
periments, Mr. Nicuorsow ascertained that the 
electricity of the zinc was plus, and that of the 
silver minus, whichever of them were at the top 
of the pile. The electric spark was even ren- 
dered visible ; so that there can be no deubt of 
the identity of the electric and galvanic fluids. 

<* The decomposition of water, and oxydation 
of metallic wire, suggested other experiments. 
Two small wires of platina were inserted, as be- 
fore, in a short tube. When the connexion 
with the pile was formed, the wire from the sil- 
ver gave a plentiful stream of gas, and that from 
the zinc a smaller one. In four hours, neither 
turbidness, oxydation, nor tarnish appeared. 
The larger stream was naturally supposed to be 
hydrogen, the smaller oxygen. 

«With thick gold leaf, instead of platina, shad 
result was the same, only the extremity of the 
slip connected with the zinc acquired a copper y 
or purplish tinge. aa 

“* A brass 


es 
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. © A brass wire was substituted for one of the 
slips of gold. When the former was joined to 
the silver end, the two streams were extricated 
as before ; but when joined to the zinc, it became 
oxyded, as when both the wires were of brass. 

“ The simple decomposition of water by pla- 
tina wires, without oxydation, offered a means of 
obtaining the gases separate from each other. 
This was tried with a pile of sixty-eight sets. Av 
wire from each end of the pile passed under se- 
parate phials full of water inverted in a saucer of 
water. A cloud of gas arose from each wire, but 
most from the silver or minus side. Bubbles. 
were extricated from all parts of the water, and 
adhered to the whole internal surface of the ves- 
sels. The process was continued for thirteen 
hours, after which the wires were disengaged, 
and the gases decanted into separate bottles. 
On measuring the quantities, which was done 
by weighing the bottles, it was found that the 
quantities of water displaced by the gases were, 
respectively, 72 grains by the gas from the zinc 
side, and 142 grains by the gas from the silver 
’ side ;: so that the whole volume of gas was 1.17 
cubic inches, or near an inch and a quarter. 
These are nearly the proportions in bulk of what 
are stated to be the component parts of water. 
The gas from the zine side being tried with one 
measure of nitrous gas, contracted to 1.25, and 

E2 did 
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did not contract more by the addition of another 
measure; the gas from the silver side, by the 
samme treatment, contracted to 1.6. The air of the 
room, on trial, contracted to 1.28. From the 
smallness of the quantity, no attempt was made 
to detonate the air from the zinc side; but a 
portion of that from the silver side, being mixed 
with one side of atmospheric air, gave a oie 
detonation. 

‘© Upon the above it may be remarked, that 
it does not seem probable that oxygen was 
afforded by both wires, but that they were 
mixed by the circumstances of the experiment. 

« Mr. CruicxsHank, of Woolwich, also made 
some interesting experiments on this subject. 
He employed plates of zine and silver about 1.6 
inches square ; and the number of each varied 
from’ 40 to 100, according to the power re- 
quired. He used silver wire both from the zinc 
and silver plate in his first experiments; but to 
distinguish the ends of the pile, that wire only 
is called the silver wire, which was conneéted | 
with the silver plate; the other wire he calls (to 
save circumlocution) the zinc wire. These wires 
were passed through corks fitted into a glass 
tube filled with water, and one of the corks made 
perfectly tight by means of cement. The tube 
was then placed upright in a cup containing 
water, with the uncemented end downwards. 


As 


(ane 
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As soon as the communication was made be- 
tween the extremities of the pile by the wires, 
a quantity of small air-bubbles began to ascend 
from the end of the wire connected with the sil- 
ver, as observed by Messrs. NicHotson and 
CaruisLe; but a white cloud at the same time 
made its appearance at the one proceeding from 


the zinc, or the zinc wire. This clond gradu- 


ally increased, and assumed a darker colour, and 


. at last it became purple, or even black. A very’ 


few air-bubbles were likewise colleéted upon, 
and ascended from this wire; but when the ma- 


_chine was in full foree, a considerable stream 


could be observed. 
‘“ The gas was collected, and found to be a 


mixture of hydrogen and oxygen, in the propor- 


tion of three parts of the former to one of the 
latter. No great dependence, however, was 
placed upon this in point of accuracy. The 
zinc wire was found to be much corroded, and 


-looked as if a considerable portion of it had been 


dissolved. As the cloud which was formed 
around this wire became purple on exposure to 
the light, Mr. CruicksHanx suspected it might 
be luna cornea, or muriat of silver proceeding 
from the silver, which had been somehow dis- 
solved, and afterwards precipitated in this state, 

by the muriatic salts in the common water. 
_* Distilled water, to which a little tin@ure of 
E3 ) litmus 
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litmus was added, was next employed in the tube. 
Gas arose from both wires, but in the greatest 
quantity from the silver wire. In a short time, 
the whole fluid below the point of the zinc wire 
became red, and the fluid above the silver wire 
looked of a deeper blue than before, the slight 
tinge of purple being destroyed. 
Distilled water, tinged with Brazil wood, 
soon became of as deep a purple as could be 
» produced by ammonia, while the portion of the 
fluid round the zinc wire became very pale. 
From these experiments it appears to Mr. 
Cruicxswank, that an acid, probably the nitrous, 
is produced at the wire connected with the zinc, 
and an alkali, probably ammonia, at that con- 
nected with the silver end of the pile. | 
** When lime-water was employed, the wire 
‘was likewise a¢ted upon, but in a less degree, 
The cloud at first had an olive colour, exactly 
resembling the precipitate of silver by lime-water, 
** In these experiments the quantity of silver 
dissolved was considerable, and, where water 
was employed, a portion of it remained in solu- 


tion, which was proved by adding muriatic acid. _ . 


More would probably have been suspended, but 
that an evident precipitation near the upper ex- 
tremity of the zinc wire, was occasioned by the 

alkali generated by the process. 
‘As hydrogen gas, when heated, or in its 
nascent 
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nascent state, reduces metallic oxyds, Mr. CruicK- 
SHANK filled the glass tube with a solution of ace- 
tite of lead, to separate the hydrogen from the 
oxygen, and thus obtain the latter pure. An 


excess of acid was added to the acetite to take 
up the alkali: in a minute or two after the com- | 


munication was made, some fine metallic needles, » 


which afterwards assumed the form of a feather, 
or rather that of the crystals of ammonia, were — 
perceivable at the end of the silver wire. The 
lead was in its metallic state. 

«* Solutions of sulphat of copper and nitrat 
of silver, were tried in the same way, and with 
similar results. The metals were revived. 

«¢ When pure water, mixed with distilled vine- 
gar, or with a very little sulphuric acid, were em- 
ployed in the tube, metallic stlver was precipi- 
tated by the silver wire, the acid employed pre- 
venting the alkali from precipitating the silver 
dissolved by the generated acid; in consequence 
of which, when a sufficient quantity of the metal 
was taken up, it was again thrown down by the 
silver wire in its metallic form, 

‘* Muriat of ammonia in solution being tried, 
a little gas was disengaged from the silver wire : 
an incrustation of luna cornea was formed round 
the zinc wire. The liquor remaining after the 
experiment, smelled strongly of ammonia. Com-. 
mon salt was decomposed also. Indeed, when a 

ee solution 
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solution of muriat of soda, or of ammonia, is 
employed to moisten the papers in the pile, the 
salt is always decomposed. 

_ Nitrat of magnesia ;was decomposed by the 
same means. 

‘In some after experiments gold wires were 
tried, and the quantity of oxygen gas obtained 
was much greater than when silver wires were 
employed. 

«< Two gold wires were passed through a cork 
loosely introduced. into the mouth of a three- 


ounce phial filled with lime-water: the phial be- | 


ing inverted over pure water, the exterior ends 
of the wires were connected with the pile in the. 
usual way. In four hours the phial was filled 
with gas extricated from the wires, especially the 
one connected with the silver. One measure of 
the gas being mixed with two of nitrous gas, a 
diminution of one measure took place: the resi- 
duum contained nitrous gas mixed with hydrogen, 
Four measures exploded by the ele¢tric spark over 
mercury, disappeared, except about one-fifteenth 
of a measure, which appeared to be azot. 

“< "Two gold wires were passed through corks, 
‘secured by cement in the ends of a glass tube, 
about ten inches long, bent into the form of the 
letter V ; they reached to within an inch of each 
other, at the angle, in which there was a hole 
about one-tenth of an inch in diameter. The 

tube 


* 
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tube was then filled with distilled water, and the 
opening at the angle being shut with the finger, 
to keep in the water, it was thus placed in a cup 
of water with the angle downwards. The ex- 
tremities of the wires being then joined to those 
of the pile, gas was disengaged from both, but 
most irom that connected with the silver; the 
gases were thus kept distinct. One measure of 
the gas from the silver end, mixed with one of 
nitrous gas, gave red fumes, a diminution of one- 
third of a measure, anda residuum consisting of 
nitrous and hydrogen gas. ‘I'wo measures with 
one of oxygen being exploded over mercury, dis- 
appeared, except about one-fifth of a measure, 
_ which by the nitrous test appeared to be chiefly 
oxygen. A dense white vapour was perceived 
over the mercury for some time after the explo- 
sion. One measure of the gas from the zine 
end, being mixed with two of nitrous gas, the 
whole nearly disappeared: another measure of 
the latter being added, the total diminution was 
nearly three measures. | 

** With platina wires Mr. Cruicksuanx ob- 
tained almost similar results. The one connected 
with the zinc end became tarnished; the same 
thing happened when gold wires were used. 

‘* A solution of crystallized muriat of lime, 
inclosed in a tube in the common manner, and 
gold wires, being employed, the one from the 

silver 
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silver gave little gas, but that from the zinc a 
considerable quantity, and the fluid surrounding 
it assumed a fine yellow colour, a solution of the 
gold having been effected. After a time some 
gas came from the first wire, but there was no 
precipitation of lime. When the tube was 
opened, the fluid smelled of aqua regia, or the 
oxy-muriatic acid. When platina wires were 
employed in place of gold, the smell of nitro- 
muriatic acid was soon observable, but no solu- 
tion of the platina. W hen the tube was filled 
with a solution of muriat of soda, a nitro-mu- 
riatic acid was likewise produced. 
«* Mr. CruicksHAnk from these aoa 
draws the following conclusions : 
«1, That hydrogen gas, mixed with a very 
small proportion of oxygen and ammonia, is 
somehow disengaged at the wire connected with 
the silver extremity of the machine ; and that 
this effect is equally produced, whatever the na- 
ture of the metallic wire may be, provided the 
fluid operated upon be pure water. 
© 9, That where metallic solutions are em- 
ployed instead of water, the same wire which 
separates the hydrogen revives the metallic calx, 
and deposits it at the extremity of the wire in its 
pure metallic state; in this case no hydrogen 
gas is disengaged. The wire pa for this 
purpose may be of any metal. 
Se as 


my 
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« 3. That of the earthy solutions, those of 
magnesia and argill only are decomposed by the 
silver wire ; a circumstance which strongly fa- 
yours the production of ammonia. 

‘¢ 4, That when the wire connected with the 
zinc extremity of the pile consists either of gold 
or platina, a quantity of oxygen gas, mixed with 
a little azot and nitrous acid, is disengaged; and 
the quantity of gas thus obtained is a little better 
than one-third of the hydrogen gas separated by 
the silver wire at the same time. 

«5. That when the wire connected with the 
zinc is silver, or any of the imperfect metals, a 
small portion of the oxygenous gas is likewise 
given out, but the wire itself is either oxydated 
or dissolved, or partly oxydated and partly dis- 
solved: indeed, the effe@: in this case, produced 
upon the metal, is very similar to that of the 
concentrated nitrous acid, where a great deal of 
the metal is oxydated, and but a small quantity 
held in solution *. | 

“* 6. That when the gases, obtained by gold 
or platina wires, are collected together and ex- 
ploded over mercury, the whole nearly disappears 


_ * The great difference in the effect produced by this influe 

ence on gold and silver, which have always been considered as 
equally difficult to oxydate, can only be explained on the sup- 
position, that nitrous acid is generated ; for this acid, it is well 
Enown, atts powerfully on silver, but has no a€tion whatever 
on gold. ‘The same observation applies to platina. 


and 
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and forms water, with probably a little nitrous 
acid, for there was always a thick white vapour 
perceived for some time after the explosion. The 
residuary gas in this case appeared to be azot. 
Acid solutions of metals having been decom- 
posed, Mr. Crurcxsuanx tried their solution in 
alkalis. Pure ammonia was added to a dilute 
solution of nitrat of silver, till the mixture 
smelled strongly of the former. Being put into 
a tube in the usual way, with silver wires, and 
the communication made, a rapid production of 
gas took place from the silver end, but hardly 
any from the zinc. Greyish flashes of metallic 
silver were separated from the silver wire, and 
on the zine wire a dark grey substance was de- 
posited, which, on afterwards endeavouring to 
scrape it off with the finger, exploded, though 
still moist. The wire was corroded and full of 
holes. The fulminating silver of BerTHOLLET 
had in fact been produced in this experi- 
ment. | 
When pure ammonia was introduced into 
the tube in place of the solution of the nitrat of 
silver, the result was the same—the silver wire 
from the zinc being corroded, &c. was taken up 
by the alkali, and afterwards deposited in its me- 
tallic form by the other wire. To the first adhered 
some of the fulminating silver, and a portion was 
also deposited from the fluid, after standing some 


time. 
From 


Ml 
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From pure ammonia, with copper wires, a 
quantity of very pure metal was precipitated—from 
an ammoniacal solution of copper the same pure 
metallic precipitate. From these experiments 
Mr. CruicksHANK remarks, that it appears that. 
the galvanic influence might be employed with 


sin the analysis of minerals. 
sich ammonia being introduced into a bottle, 
and inverted over the same fluid, with a cork 
and two wires, as before described (the wire con- 
nected with the zinc being platina and the other 
silver), a rapid decomposition of the alkali was 


effected. A two ounce measure of gas being col- 


lected and examined, was found to consist of 15 
parts of hydrogen gas, 13 of azotic, and two 
nearly of oxygen gas. 

The nitrous acid seemed to be little or not 
at all ated upon by the galvanic influence, from 
which Mr. CruicksHank infers, that it is so per- 


‘fect a conductor of the fluid, as to transmit it like 


metals, without experiencing any change; and 
this he thinks may possibly be owing to the great 
proportion of oxygen which enters into its com- 
position, having before remarked that all fluids, 
containing little or no oxygen, are non-con- 
ductors, or nearly so. 

The corroded matters generated at the wire 
connected with the zinc are not, Mr. Cruicx- 
SHANK obseryes, pure oxyds; and it follows 

that 
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that an acid, as before mentioned, and probably 
the nitrous is produced ; for all the green oxyds 
of copper contain an acid of some kind or other, 
the pure oxyds of that metal being either dark 
red or deep brown. 

By the employment of a galvanic battery, ‘con- 
sisting of several troughs* of his own invention, 
Mr. CrurcksHanx succeeded in exploding a mix- 
ture of oxygen and hydrogen gases, by the means 
of the galvanic spark. Mr. Bouron, of Birming- 
ham, whose pile consisted of fifteen hundred 
pairs of plates, likewise produced sparks of an 
equal intensity. 

Shortly after the Voltaic pile had been thus im- | 
proved by Mr. Cruicksuanx, several very in- 
teresting experiments were made by a body of 
scientific gentlemen in the capital, who assembled 
under the denomination of the Askesian So- 
ciety. The trough which was employed on this 
occasion, consisted of sixty pieces of silver, and 
an equal number of pieces of zinc, each of them 
two inches and a quarter square. The shock 
produced by this trough, by the means of two 
metallic conductors, was distinétly felt in the 
shoulders ; the contraction, or spasm, being at 


* The construction of these troughs will be described in the 
fourth and last part of this work, 
+ Phil. Mag. vol. x, p. 371. 


the. 
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the same time so violent, as to disable the ope- 
rator from holding the conductors, when they 
were in contact with the plates, by which the 
trough was terminated at each side. A sensation 
resembling that produced by a highly heated 
fluid) was likewise felt in the wrists and fore- 
arm. ae ‘y 

A small piece of steel wire having been made 
a conductor, to unite the end pieces, on the con+ 
tact being effected, a bright spark was observed, 
with small scintiilations. Hadit been in oxygen 
- gas, the wire would, without a doubt, have de- 
. flagrated. On its being armed at the extremity 
with a small piece of phosphorus, the latter in-. 
flamed as soon as the contact was made. ; 
_ A connexion having been established between 
the trough and a galvanometer of the invention 
of the ingenious Mr. Pepys, upon moving the 
regulating screws, the gold leaves, at the dis- 
tance of half an inch, began to diverge. One of 
them struck the zinc, and instantly inflamed, 
burning with a bright flame of a whitecolour. A 
sound was heard, as if a small quantity of nitre 
had been thrown on ignited charcoal; and about 
a quarter of an inch of the gold was destroyed, 
leaving a stain, of the colour of smoke, on the 
plate of zinc. This experiment was repeated se-~ 
veral times with a similar result. | 

A similar trough, consisting of sixty pieces of - 

silver 
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silver and zinc, an inch and a half square, having 
been connected, in the order of arrangement, 
with the above-mentioned trough, evidently de- 
creased its powers, so as evidently to demonstrate, 
that the union of weaker troughs with more 
powerful ones, is not attended by any advan- 

tage, asin the case of electrical batteries. . 
Professor Pictzt, of Geneva, Messrs. Tintocu# 
and A1xin, and several other scientific gentle- 
men, were present at the above experiments. At 
a subsequent meeting, the battery which was em- — 
ployed consisted of two troughs, each containing 
sixty plates of silver, and an equal number of 
zinc. ‘There were consequently a hundred and 
twenty pairs of metallic plates, each of them two. 
inches and a quarter square, or containing five 
square inches and one sixteenth of surface. 
By the means of this powerful battery, gold 
was deflagrated with great facility. Thin leaves 
of that metal having been connected with one 
of the extremities of the battery, inflamed as 
soon as they were, to complete the circuit, 
brought in contact with the exterior plate of the 
other extremity. ‘The combustion was entirely 
confined to the points in which the gold leaf and 
the plates were in contact; and would have 
ceased altogether, if the gold had not been con-. 
stantly made to advance towards the plate, to 
supply, by fresh portions brought into, con- 
tact, 
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fact, the place of those which had been defla- 
grated. It was deemed extraordinary that neither 
an oxyd, nor a residuum of any description, could 
be discovered. It is probable that the gold was 
volatilized by the heat by which its deflagration 
was occasioned. ‘This point was reserved by the 
Society for future experiments, to be made with 
a larger portion of gold. In the mean time, in 
the same way as phosphorus had been inflamed, 
at the former meeting, so did the society now 
succeed in exploding gunpowder, by a persistence 
in the same means. — 

Several interesting experiments on the defla- 
gration of metals, were afterwards made by a 
society of gentlemen,* zealous promoters of 
science. A pile, consisting of thirty-six pairs of 
plates, of silver and zinc, between which were inter- 
posed disks of flannel, moistened with a solution of 
muriate of ammonia, was constructed. Each of 
the plates had a diameter of ten inches, or, in 
other words, contained 78.58 square inches ; 
consequently, the entire surface of silver in the 
pile, reckoning one side only of eacn plate, was 
2827.44 square inches; and that of zinc the 


= ma 


* In the number was Mr. Tittocu, the iearned editor of 
the Philosophical Magazine, from which this account is ex- 
- tracted, 
wes Ii. ¥ same. 
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same. Such an undertaking could not be ac- 
complished without a very considerable ex- 
pence. | 
With this pile, in the month of December, 
1801, gold, silver, copper, tin, lead, and zine 
were deflagrated with a surprizing facility. 

The gold burned with a very vivid white light, 
inclining somewhat to blue. . This experiment 
afforded an opportunity to decide on a point 
which was left undetermined in the account of 
the meeting of the Askesian Society, precedingly 
given, and in which it was stated, that the gold 
was deflagrated without any residuum being per- — 
ceived. On the present occasion, there was left 
on the upper plate a copious oxyd of a deep 
brown colour, inclining a little to purple. In- 
the former experiment, the end-plate of the 
trough, to which the gold was applied, was ver- 
tical; and. as the quantity of oxyd could have 
been but very small, at the same time that it was 
nearly of the colour of the mahogany on which 
it fell, its not having been perceived may be 
readily accounted for. 

The silver gave a vivid flame of a Brediieh 
hue, and extremely brilliant. The colour was 
somewhat like that of a pale emerald, and the 
light more intense than that from the gold. Its 
oxyd was of a blackish hue. 

The copper presented phenomena similar te 

those 
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those which attended the deflagration: of the 
gold. . 

The lead gave a very vivid light, of ; dilute 
bluish purple. 

The tin afforded alight similar to that of the 
gold, but burned with less energy, probably on 
this account, that the leaves were thicker. 

The zinc gave a bluish white flame, which 
was edged at the moment of contact with red. 
It was more difficult of deflagration than any 
of the preceding metals; but the plates were at 
the same time much thicker. 

The oxyds of the last four metals were not 
examined. 

Water having been poured on the upper plate, 
so as to form a kind of little standing pool, seve- 
ral of the metals were presented to the plate 
through this aqueous medium, and were defla- 
erated. They afforded a flame of the same 
colour as when they were brought to the bare 
plate. A vapour was sometimes perceptible in- 
stantly after the deflagration, and was conjeCtur- 
ed to arise from a portion of the water having 
been converted into steam by the intense heat. 

One particular circumstance was very deserving 
of remark, namely, that the shocks from this 
pile, notwithstanding it was in a state to pro- 
duce on the metals such very powerful effects, 

g 2 could 
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could be received with a very trifling inconve- 
nience. 

While these very interesting experiments were 
making in the metropolis, Mr. Witt1am Henry, 
of Manchester, whose celebrity as a chemist had 
been long established, made several others, the 
result of which is equally curious and important. 
They were principally directed to acid and alka- 
line substances, subjected to the action of the 
Voltaic pile. ‘The more prominent results are as 
follows : | 

Relatively to the decomposition of, water by 
the galvanic influence, Mr. Henry had but little. 
to add to the facts which were already known. 
He observes, that ‘‘ if the water be confined by 
mercury, in a tube with a conductor sealed her- 
metically into one end, a production of gas will 
only take place when the condu@or communi- 
cates with the silver side of the apparatus; and 
that, if the order be inverted, that is, if the mer- 
-cury be connected with the silver end, and the 
conductor be stationed at the sealed extremity of 
the tube of the pile, no gas whatever will be pro- 
duced, although the agitation of the surface of 
_the mercury in the tube shews that the influ- 
ence is still transmitted. On passing a wire of 
any metal through the quicksilver, so that its 
ss i may rise into the water; gas then be- 


gins, 
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gins to ascend copiously from the lower wire.” 
Having made these observations, Mr. Henry 
gives it as his opinion, that pointed bodies are 
more effectual in decomposing water, than bedies 
with rounded surfaces. & 

In subjecting concentrated sulphurie acid to 
thé galvanic influence, he employed the follow- 
ing process. The acid was contained in a glass 
tube, provided with two platina conductors ; and 
the open end of the tube was immersed in a cup- 
ful of the same acid, One half of the gas, which 
was thus produced in great plenty, was absorbed 
by the sulphuret of potash ; while the remainder’ 
consisted of hydrogenous gas, from the decom- 
position of water, which the strongest sulphuric 
acid necessarily contains. As, however, the 
oxygenous gas would have sufficed to have satu- 
rated twice the quantity of the hydrogen gas 
which was evolved, it would appear that the one ~ 
half of the former must have originated from 
another source than that of water, and was to be 
ascribed to the decomposition of the acid. In 
proof of this, the wire fram which the gas 
ascended was surrounded by a white cloud, which 
was probably formed by dis-oxygenated sulphur. 

Pure and colourless nitric acid underwent a 
rapid decomposition, and assumed a straw co- 
lour. The gas which was evolved consisted of 
‘the oxygenous and azotic gases, in the proportion 

£3 of 
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of more than three parts of the former to one of. 
the latter. Liquid muriatic acid gave out a gas,” 
consisting nearly of two parts of oxygen, and one 
of hydrogen gas, both of which appear to have 
beenoccasioned by the decomposition of water. 

A tube having been prepared with platina 
conductors, covered with wax, and having been 
filled with a saturated solution of oxygenated 
muriatic acid in water, the circuit was completed 
through it, between the two ends of the pile. 
The gas which was evolved, was a mixture of 
oxygen and hydrogen, in the proportions of a 
hundred and thirty-six to a hundred. and 
eighteen. As the proportion of the latter gas. 
required fifty-nine parts, by measure, of oxygen 
gas for saturation, the remaining’ seventy-seven 
parts of the oxygen must have arisen from the 
dis-oxygenation of the acid. 

To ascertain whether the galvanic influence 
can be transmitted through the gases, a portion 
of phosphorated hydrogen gas was exposed over 
mercury, in a tube supplied at one end with a 
platina conductor, which was conne¢ted with the 
silver end of the pile, while the mercury by 
which the gas was confined, was connected with 
the zine end. After it had stood for several 
hours, no change was observed to have ensued. 
Mr. Henry next exposed a mixture of muriatic 
acid and oxygenous gases, which are rapidly 


dimi- 
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diminished by electrical discharges ; but without 
perceiving any contraction of bulk, or change of 
properties. He was at first led to believe that a 
contraction had taken place, in consequence of 
the sealing-wax, by which the platina wires,were 
covered, having absorbed a portion of muriatic 
acid gas, He observes, that the deficiency of 
the property of transmission through the gases, 
considerably limits the employment of galvanism 
as achemical agent; and regrets that it over-_ 
turned his project of attempting, by the inter- 
vention of the galvanic fluid, the analysis of the 
muriatic acid, relative to the composition of 
which no certain conclusions can be drawn, from 
experiments made on it when condensed with 
water. | ? 

Having subsequently found that it was im- 
practicable to transmit the galvanic influence 
through ammoniacal gas, he exposed to its ac- 
tion a portion of water perfecily saturated with 
that alkali, and was not a little surprized at the 
result, which was confirmed to him by repeated 
experiments. As a proof that no portion of 
oxygenous gas was produced, the evolved gas 
was not produced by sulphuret of potash ; nei- 
ther did it inflame when an electric spark was 
made to pass through it. On firing it with 
oxygen gas, it became greatly diminished; and 
_a solution of sulphuret of potash, after having 
‘ B 4 abstracted 
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abstracted the excess of oxygen gas, left a smali 
bubble only of azotic gas, which was to be traced 
to the oxygen gas employed to effect the com- 
bustion. This fact was extremely singular and 
curious. The volatile alkali, Mr. Henry ob- 
serves, was certainly decomposed; seeing that, 
if the hydrogen gas had proceeded from the de- 
composition of water only, oxygenous gas would 
also have been obtained. ‘* Into what new com- 
bination,” he inquires, ‘‘ does the azot enter in 
this case ? It is not improbable that, at the same 
instant, both water and ammoniac are decom- 
posed ; that the hydrogen of both is converted 
into gas; and that the oxygen of the water, 
uniting with the azot of the alkali, composes 
nitric acid, which, combining with the ammo- 
niac, produces nitrateof ammonia. ‘The destruc- 

tion of the vegetable alkali is not less certain.”’ 
The result of his next, and final experiment, is 
equally interesting. Having exposed, in a similar 
way, a solution of caustic vegetable alkali, the gas 
produced was pure hydrogen gas. During the 
process, the surface of the mercury became co- 
vered with a blackish film, more particularly at 
its edges, where it was in contact with the glass 
tube. ‘The black matter was, however, confined 
to the surface of the mercury, and was gene- 
rated at the same part of the tube at which gas 
was produced, namely, at the part in contact 
; with 
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with the platina wire. It still occurred, even on 
the use of mercury which had been carefully dis- 
tilled for the purpose. “ From this experiment,” 
Mr. Henry observes, “ a sufficient proof is cb- 
tained that the vegetable alkali contains hydro- 
gen. Azot is probably another of its consti- 
tuent parts, but is prevented from appearing in — 
its gaseous state by its union with oxygen, 
evolved, at the same instant, by the decomposi+ 
tion of a portion of water. ‘These suggestions 
admit of being verified by a careful examination 
of the alkalis, after an exposure to the influence 
of galvanism ; and a third component of the 
vegetable alkali will perhaps be found in the 
black precipitate above described. I have not 
been inattentive, even hitherto, to these points ; 
but the minuteness of the quantities submitted 
to experiment, prevents me from speaking de- 
cisively, and I choose rather to reserve myself for 
the results of the experiments I am now making, 
than to incur the risk of being forced to retract 
a hasty assertion.” 

On a subsequent examination, Mr. Henry 
found that the black precipitate proved to. be 
merely a metallic oxyd, and not charcoal, as he 
had at first been led to suppose. By varying 
the experiment, and transmitting the galvanic 
influence through liquid caustic alkali, without 
the contact of mercury, the black powder no 

longer 
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longer made its appearance. The gases proved 
to be a mixture of hydrogen and oxygen, pretty 
nearly in the proportions which might have been 
expected from water. The imperfect metals 
contained in the quicksilver, had hitherto pre- 
vented the oxygen from assuming a gaseous 
form. 

While the galvanic experiments were multi- 
plying in great. Britain, the celebrated Dr. 
PrisstLey repeated them on the American con- 
tinent. He had for that purpose received from 
Birmingham, an apparatus for the construction 
of a Voltaic pile, consisting of sixty plates of 
silver coated with copper,.and as many thin 
rolled plates of zinc. He made a variety of in- 
teresting experiments, in the course of which he 
observed several facts which had been already 
noticed in England, but without his knowledge. 
In one of these experiments he interposed, be- 
tween the two ends of the pile, four glasses of 
water, which were connected by the means of 
silver wires, at the extremities of which the usual 
processes went on. It was found, however, that 
when one of the portions of water had its surface 
covered with oil, the action was suspended in 
each of the glasses.. This experiment, when re- 
peated, did not succeed in England. 

In these trials the Doétor had constantly in - 
view his favourite hypothesis of phlogiston, 

which 


EXPERIMENTS OF DR. PRIESTLEY. 75 


which he endeavoured to establish and confirm. 
He observes, that he cannot bring himself to 
consent to the modern doctrine of the decomposi- 
tion of water, which, however generally it may 
have been received, he considers as altogether 
chimerical, and unable to stand its ground for 
any length of time. In adverting to the galvanic 
experiments which had been made with the Vol- 
taic pile, he remarks that they do not, in general,. 
furnish any support to the above dodtrine; and, 
in proof of this, he adduces the following rea- 
sons: “‘ Although,” he observes, “it may happen: 
that the inflammable air from the wire connect- 
ed with the silver end of the pile, may be in the 
proportion to the dephlogisticated air from the 
wire connected with the zinc end, which the 
hypothesis of the decomposition of water re= 
quires, it appears that the latter proceeds from 
the air which is merely held in solution in the 
water in which the process is made; since if, by 
the means of oil upon the water, or of a vacuum, 
access to the atmosphere be cut off, the produc- 
tion of air entirely ceases. In the same. way, 
there is not any production of air when the 
water has been exhausted of it; and certainly 
no good reason can be given, why, if the water 
itself consists of these two kinds of airs, and 
this process be capable of decomposing it, air 
should not be produced from it in all these 
Cases ; 
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cases; both. the constituent parts of the water 
being present, and the power of separating them 
being in full operation. Besides, I find that, 
although the two kinds of air be produced, they 
are not always in the proportion required by the 
new theory, the dephlogisticated air being much 
less than is requisite. I have also found it to be 
not much better than atmospherical air. The 
inflammable air I beheve to be of the purest 
kind.” 

After a recapitulation of several other facts, 
by which he endeavours to support his hypo- 
thesis, and, among which, he particularly notices 
that, unless gold, or platina, be connected with 
the zinc end of the pile, there is seldom any | 
production of air from that quarter, the metal — 
from that situation being dissolved; and that 
there is no appearance of its being dissolved by 
any acid, but, on the contrary, of its being 
supersaturated with phlogiston, he proceeds to 
give his own particular opinion relative to the 
theory of the phenomena af the Voltaic pile, 
Tt is as follows : a 

“¢ Since *,”’ he observes, “ the operation wholly 
depends on the calemation of the zine, which 
suffers a great diminution of weight, while the 


rae 
oo 


%* Nicuoxson’s Journal, vol.i. 8vo, p. 202. 
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silver is but little affeCGied ; and as all metals lose 
their phlogiston in calcination, what remains of 
the zinc in a metallic form in the pile, and every 
thing connected with that end of it, is super- 
saturated with phlogiston, while the calcined part, 
and every thing conned with that end of the 
pile, is deprived of it. The former, therefore, 
is in @ positive state, and latter.in a negative, with 
respect to phiogiston; and it seems to follow 
from these experiments, that this is the same 
thing with positive and negative electricity; so 
that the electric fluid and phlogiston are either 
the same, or have some near relation to each 
other. The silver seems to act principally as a 
conductor of electricity; for the surface of it is 
merely blackened in sorne places in this process, 
probably in consequence of receiving phlogiston 
from the zinc; but the water is most essential 
to it, because it constitutes the principal part, if 
not the whole, of the addition of weight in the 
_ealx. Accordingly, in the calx of zinc I have 
found nothing but water, although it is. probable 
that it contains a small portion of oxygen. 

“‘ These experiments favour the hypothesis of 
two elediric fluids, the positive containing the 
principle of oxygen, and the negative that of 
phiogiston. ‘These, being united to water, seem 
to constitute two opposite kinds of air, namely, 
alma and inflammable. 


* ‘They 
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“ ‘They tend likewise to confirm the conjeCture 
which I advanced..in my first publication on the 
subject of air, concerning the similarity of the elec- 
éric matter to phlogiston; and, together with the 
purely galvanic experiments, shew, that the sarne 
substance, elaborated from the aliment by the 
brain, is the cause of muscular motion, the nerves 
being the most sensible of all electrometer *. 

“‘ I see no occasion to suppose, with M. Vo.- 
Ta, that there is any circulation of the eleétric 
fluid in this pile. Vhe calcination of the zine 
supplies phlogiston as long as it continues, and 
when that ceases, the operation of the pile ceases 
with it. I also do not see the necessity why one 
end of the pile should be silver, and the other 
zinc; seeing that, when both are.silver, or both 
zine, the operation. is the same; neither can I 
conceive why it should be otherwise. When the 
pile is properly prepared, the. addition of any 
kind of metal to the ends only serves as.a con- 
ductor of the electric fluid; and silver, zinc, or 
any other metal, will sufficiently answer this ut 
pose. 

“ Had this pi ‘ocess succeeded evoked any 
atmospherical air mcumbent.on the water in 
which it 1s made, it would have amounted to a 


®; 


of 


« *# Priestiey’s Experiments. on Air, first edition, vol. i. 
p. 274, et sequent.’ 
full 
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full proof of the new theory, one part of the 
water being deprived of hydrogen, while oxygen 
abounded in the other, and both of them, with 
the assistance of caloric (though it does not 
appear whence that could be supplied) assuming 
the form of air. But this not bemg the case, 
the element of the dephlogisticated air evidently 
coming from the superincumbent atmosphere, 
the element of the inflammable air must neces- 
sarily arise from the calcined metals, which is a 

sufficient proof of the doctrine of phlogiston.” 
We have been the more anxious to give the above 
theory of the phenomena of the Voltaic pile, be- 
cause, however the doctrine on which it is founded 
may have given place to new hypotheses, ‘it has 
still its partisans and admirers. In a postscript 
to the above comniunication, the Doctor claims 
the discovery of the conducting power of char- 
coal, which had been ascribed to the inventor of 
the galvanic pile, observing that it was one of his 
first observations in electricity, made in’ 1766, 
and published in his History of HileCiricity mv the 
folléwing year. He subjoins a second postscript, 
in which he observes that, having covered the 
whole of the pile with a large receiver, standing 
in water, charcoal being connected with the silver 
end of the pile, and silver with the zinc end, in 
two vessels of water, the solution of ‘the’ silver 
took place in both the vessels, and the air within 
the 
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the receiver began to diminish. The dimimutiom 
having come to its maximum in about a day and 
a half, Dr. Paimssrtey examined the air within 
the receiver, and found it completely phlogisti- 
‘cated, being not in any degree affected by nitrous 
air. There was-evidently, therefore, he observes, 
no generation of dephlogisticated air, the result 
being entirely the effect of the calcination of the 
zinc. This experiment is, according to him, 3 
full and sufficient evidence that, in this case, 
there is no decomposition of water; and it thus 


tends to strengthen the argument in favour of 


the doctrine of phlogiston. 

_ Mr. Davy, professor of chemistry at tthe 
Royal Institution, has been one of the most zea- 
lous promoters of the galvanic science. Shortly 
after the discovery made by Voxra, he instituted 
a course of experiments on the galvanic influence, 
from which several new and interesting observa-. 
tions resulted. The apparatus he employed never 
consisted of less than a hundred and ten pairs of 
metallic plates. He found that the galvanic shock 
was considerably increased, when the parts com- 
municating with the conductors were moistened 
with a solution of green sulphate of iron. A pile; 
with pieces of cloth wetted with that substance, 
aed rather more intensely than a. similar pile 
constructed in the usual manner. It, however, 
lost its powers in a shorter time. 


To 


/ 
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To determine whether the oxygen and hydro-. 
gen gases, evolved by the interrupted wire when 
immersed in water, could be procured from two 
portions of water kept distinct from each other, 
he caused the wires to terminate in two glasses of 
water, between which he established a communi-= 
cation with his fingers. The gases were produced 
as before. When the water had been very care- 
fully boiled, they were evolved in a nearly pure 
state, and in the proportions requisite to the 
formation of water. To ascertain whether it was 
essential that the wires should be in contact with 


the metallic plates of the pile, its extrernities were 


e to communicate with two glasses of water, 


conta by a silver wire, by the means of pieces 
of muscular fibre. The effects of the pile were 
now reversed: the hydrogen was disengaged by 
the wire at the zinc’ end, while the wire at the 
silver extremity became oxydated. 

The next inguiry made by Mr. DAvy was into 


_ the influence of the atmosphere on the phenome- 


na of galvanism. To. ascertain the effect of the 
faCtitious airs on these phenomena, his piles were 
constructed horizontally, in the usual manner ; 
but, to.prevent the plates from separating, when 
in an oblique position, he joined their sides toges 
ther, at two or three points, by a resinous cement, 
leaving a sufficient interstice to admit of a free 
circulation of air. When there was any produc- 

wor. ti pr tion 
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‘tion of thelgases, they were received in smalf 
tubes filled with distilled water, and containing 
wires, externally covered with wax, which com- 
municated with the extremities of the pile. The 
piles were introduced into the airs through water, 
and elevated above the water by a metallic plate 
cemented to their lower extremities. Mr. Davy 
had previously ascertained, by numerous trials, 
that a pile a&ts in the atmosphere, immediately 
after its immersion in water, without being wiped, 
although more feebly than before. He had like- 
wise found that, after the first immersion, the 
powers were not diminished by the subsequent 
ones. 
‘The following inferences wete drawn by Mr. 
Davy from these experiments. 
ist, That zinc, whether conneéted with silver 
in single galvanic circles, or constituting the plates 
of the Voltaic pile, does not appear to undergo 
any oxydation at common temperatures, so long 
‘as the water in contact with it is pure. 
adly, That the oxydation of the zinc plates of 
the galvanic pile takes place whenever the water 
in contact with them holds in solution either at- 
‘mospherical air, oxygen, nitrous gas, nitrous acid, 
‘Inarine acid, &c. 
3dly, That when the zinc, in contact with 
water holding in solution substances contaiming 
loose oxygen, or acids, is oxydated, these sub- 
stances 


i! 
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stances are changed, or, in other words, exert 


certain chemical affinities. 

Athly, That the Voltaic pile appears to be in- 
capable of ating when the water between the 
pairs of plates is pure. " 

S5thly, That it acts when the water bigeye the 
double plates hold in solution either asmospheri- 
cal air, oxygen, nitrous gas, nitrous acid, or ma- 
rine acid. 

6thly, and lastly, That the power of the aCtion 
of the Voltaic pile appears to be proportionate to 


the power of the fluid conducting substance, 
between the double plates, to bring about the 
oxydation of the zinc. 


The following general conclusions are made by 
Mr. Davy. ‘That, “ of two phenomena, or of 
two series of phenomena, we can only affirm that 


the one is the cause of the other, when it uni- 
-formly precedes it, and when their modifications 
are connected. But it appears from all the fore- 


going facts, that the galvanic pile of Vora acts 


only when the conducting substance between the 
plates is capable of oxydating the zinc; and that, 


in proportion as a greater quantity of oxygen en- 
ters into combination with the zinc in a given 


time, so in proportion is the power of the pile to 
-decompose water, and to produce a greater shock. 
_ It seems therefore reasonable to conclude, al- 


though, with our present quantity of nie we 
é 2 are 


oe 
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are unable to explain the exact mode of opera- 
tion, that the oxydation of zinc in the pile, and 
the chemical changes connected with it, are some 
how the cause of the electrical effects it pro- 
duces.” 

The conducting power of charcoal has been re- 
peatedly noticed in this work. It was found by 
Mr. Davy to possess the same properties as me- 
tallic substances, in the production of the shock 
and spark, when it became a medium of commu- 
nication between the extremities of the galvanie 
pile. He likewise found that charcoal, perfectly 
well made, when connected, in the galvanic cir- 
cuit, with water or aqueous solutions, effects 
changes in them analogous to those produced by 
metals, but attended, at the same time, by pecu- 
liar appearances. 

In these trials the apparatus decomposed water 
in the usual manner, the silver end giving out 
hydrogen with a little carbon in solution, while 
the zinc end evolved but little gas of any de- 
scription. This was probably owing to the ab- 
sorption of the carbonic acid, which must have 
been formed at the end of the wire. Mr. Davy 
afterwards constructed a series of eight glasses, 
with small pieces of well burnt charcoal, zinc, 
and a solution of red sulphate of iron, the char- 
coal and zinc being connected by silver wires. 
This series gave sensible shocks, and occasioned 


a rapid 
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a rapid evolution of gases from water; while an 
equal series, with silver and zinc, produced much 
weaker effects. He infers that charcoal and 
zinc are equal, if not superior, to any metallic 
combinations. 

Mr. Davy’s next-inguiry was, whether the 
difference of metals was essential to the effect 
produced by the Voltaic pile. He found that 
this pile may, by the application of proper fluids 
to its surfaces, be constructed with one metal 
only. This observation was likewise made by 
Professor Gren. The following series appears 
to. have been employed by Mr. Davy: metal, 
nitrous acid, water, sulphuret of potash, and, 
lastly, metal. The metals, with each of which 
an attempt was made to form a distind pile, 
were silver, copper, zinc, and lead. It was no- 
ticed that the effects of a pile of this description 
were the reverse of those which occurred, when 
the difference of action depended on the metals; 
or, in other words, that the extrication of hydro- 
gen, in the tube of communication, was made 
_from the wire opposite to the one from which it 
would have been made with the common pile. 
On the subject of this interesting experiment, it 
is very judiciously observed by Mr. Nicuotson, 
that ‘* among the reflections and conclusions to | 
which it must give rise, it is not one of the least 
important, that it overthrows the theory of the, 

es 3 learned 


86 EXPERIMENTS OF DR. WOLLASTON. 


learned inventor Vorra, who considers the cur~ 
rent of electricity as being produced by the dif- 
ference of conducting power in the different me- 
tals. In this obscure region of research, he 
adds, although we are altogether unacquainted 
with the power by which. the electricity is accu- 
mulated, it is one step towards a true theory, ta 
have ascertained, that one of those already 
offered is: without foundation.” 

In the month of June 1801, a very interesting 
paper, by Dr. Hypz Wortasron, F.R.S. on 
the identity of the galvanic and eleétric fluids, 
was read before the Royal Society. By this pa- 
per it appeared that the Doctor had succeeded 
in decomposing water by the means of common 
electricity, as rapidly as by the pile of Voita. 
He had obviated the difficulty which was caused 
by the fluid passing, in a greater or less degree, 
in the form of sparks, by employing a gold wire, 
and a silver wire, insulated in the opposite ends of 
a glass tube, and presenting to each other as fine 
a point as they could possibly be made to receive. 
The tube in which they were inserted contained 
ihe water to be decomposed, and constituted a 
part of an electric circuit. 

The Door afterwards communicated to the 
Society, a paper containing the results of a variety 
of experiments on the chemical production and 
agency of electricity, As this paper tends to 

jaa | illustrate, 
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illustrate, in a most satisfactory manner, the pri- 
mary cause of the galvanic and electric pheno- 
mena, of the decomposition of water, &c. we 
insert it at full length. 

‘© Notwithstanding the power of M. Voira’s 
electric pile is now known to be proportional to 
the disposition of one of the metals to be oxydated 
by the fluid interposed, a doubt has been enter- 
tained by many persons, whether this power 
arises from the chemical action of the fluid on 
the metal; or, on the contrary, whether the 
oxydation itself may not be occasioned by elec- 
tricity, set in motion by the contact of metals 
that have different conducting powers. 

‘«¢ That the oxydation of the metal is the pri- 
mary catise of the electric phenomena observed, 
is, I think, to be inferred from the following ex- 
periments, which exhibit the galvanic process 
reduced to its most simple state. 

«* Eaperiment I. If apiece of zinc and a piece 

of silver have each one extremity immersed in 
the same vessel, containing sulphuric or muriatic 
acid diluted with a large quantity of water, the 
zinc is dissolved, and yields hydrogen gas, by the 
decomposition of the water: the silver, not being 
acted upon, has no power of decomposing water ; 
but, whenever the zinc and silver are made to 
touch, or any metallic communication is made 
GA between 
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between them, hydrogen gas is also formed at 
the surface of the silver.” | 

Any other metal beside zinc, which, by the 
aid of the acid employed, is capable of decom- 
posing water, will succeed equally, if the other 
wire consists of a metal on which the acid has no 
effect. = 

‘“« Experiment II. If zine, iron, or copper, be 
employed with gold, in dilute nitric acid, nitrous 
gas will be formed, in the same manner, and under 
the same circumstances, as the hydrogen gas in 
the former experiment. a | 

‘© Experiment il. Experiments analogous to 
the former, and equally simple, may also be made 
with many metallic solutions. If, for instance, 
the solution contains copper, it will be precipi- 
tated by a piece of iron, and appear on its sur- 
face. Upon silver merely immersed in the same 
solution, no such effect is produced; but as soon 
as the two metals are brought into contact, the 
silver receives a coating of copper. | 

‘In the explanation of these experiments, it 
is necessary to advert to a point established by 
means of the electric pile. 

‘ We know that when water is placed i ina 
circuit of conduétors of eleGtricity, between the 
two extremities of a pile, if the power is sufficient 
to oxydate one of the wires of communication, 
the 


EXPERIMENTS OF DR. WOLLASTON. 89 


the wire conneied with the opposite extremity 
affords hydrogen gas. 

“ Since the extrication of hydrogen, in this 
instance, is seen to depend on electricity, it is 
probable that, in other instances, electricity may 
be also requisite for its conversion into gas. It 
would appear, therefore, that in the solution of 
a metal, electricity is evolved during the action 
of the acid upon it; and that the formation of 
hydrogen gas, even in that case, depends on a 
transition of electricity between the fluid and the 
metal, 

«« We see, moreover, in the first experiment, 
that the zinc, without contact of any other me- 
tal, has the power of. decomposing water ; and 
we can have no reason to suppose that the con- 


tact of the silver produces any new power, but 


that it serves merely as a conductor of electricity, 
and thereby occasions the formation of hy drogen 


gas. 


‘In the third experiment also, the iron by 
itself has the power of precipitating copper, by 
means, I presume, of electricity evolved during 
its solution; and here likewise the silver, by 
conducting that electricity, acquires the power of 
precipitating the copper in its metallic state. 

“The explanation here given receives addition- 


al confirmation from comparative experiments 
which I have made with common electricity ; for 


it 
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it will be seen that the.same transfer.of, chemical - 


power, and the same apparent reversion of the 
usual order. .of chemical.affinities in the preci- 
pitation of copper by: silver, may be effected by a 
‘common electrical machine. 

‘¢ The machine. with, which the following ex- 
periments were conducted, consists of a cylinder 
7 inches. in. diameter,. with, .a. conductor on each 
side, 10 inches long, and 32 inches diameter, each 
furnished with a sliding electrometer, to regulate 
the strength of the spark received from them. 

<< Experiment IV. Having a wire of fine 
silver, 720 of an inch in diameter, I coated the 
middle of it, for 2 or 3 inches, with sealing-wax, 
and, by cutting through in the middle of the wax, 
exposed a section of the wire. The two coated 
extremities of the wire, thus divided, were im- 
mersed in a solution of sulphate of copper placed 
in an electric circuit between the two conductors ; 
and sparks, taken at 7s of an inch distance, were 
passed by means of them through the solution. 
After 100 turns of the machine, the wire 
which communicated with (what is called) the 
negative conductor, had a precipitate formed on 
its surface, which, upon being burnished, was 
evidently copper; but the opposite wire had no 
such coating. | 

«¢ Upon reversing the dire@ion of the current 
of electricity, the order of the phenome was of 

course 


EXPERIMENTS OF DR. WOLLASTON. os 


course reversed ; the copper being shortly re=dis- ~ 
solved by assistance of the oxydating power of — 
positive electricity, and a similar precipitate forms 
ed on the opposite wire. ~ 

“ Experiment V. A similar experiment made 
with gold wires zo of an-inch diameter, in a so- 
lution of corrosive sublimate, had the same suc- 
cess. 

** The chemical agency, therefore, of common 
eleGtricity is thus proved to be the same with the 
power excited by chemical means; but, since a 
difference has been observed in the comparative. » 
facility with which the pile of Votra decomposes 


~ water, and produces other effects of oxydation 


and de-oxydation of bodies exposed to its action, ° 
I have been at some pains to remove this difficul- 
ty, and can at least produce a very close imita- 
tion of the galvanic ios ga a by common 
eleGricity. 
“ It has been thought. necessary to employ 
powerful machines and large Leyden jars for the - 
decomposition of water; but, when I considered 
that the decomposition must depend on duly 
proportioning the strength of the charge of elec- 
tricity to the quantity of water, and that the 
quantity exposed to its action at the surface of 
communication depends on the extent of that 
surface, I hoped that, by reducing the surface of - 
communication, the decomposition of water might 


be 
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be effected by smaller machines, and with less 
powerful excitation, than have hitherto been 
used for that purpose; and m this hope I have 
not been disappointed. 

“< Experiment VI. Having procured a small 
wire of fine gold, and given it as fine a point as 
I could, [inserted it into a capillary glass tube ; 
and, after heating the tube so as to make it ad- 
here to the point, and cover it in every “part, if 
gradually ground it down, till, with a pocket lens, 
I could discern that the point of tng gold was 
exposed. yitigs | 

‘* The success of thie method eetice my 
expeciations, I coated several wires in the same 
manner, and found, that when sparks from the 
conductors before mentioned were made to pass 
through water, by means of a point so guarded, 
a spark passing to the distance of one-eighth of 
an inch would decompose water, when the point 
exposed did not exceed 73s of an inch in diame- 
ter. With another point, which I estimated at 
xxos, a succession of sparks, one-twentieth of an 
inch in length, afforded a current of small 
bubbles of air. 

© J have since found that the same apparatus 
will decompose water with a wire one-fortieth of 
an inch diameter, coated in the manner before 
described, if the spark from the prime conductor 

passes 
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passes to the distance of four-tenths of an inch 
of air. 

“« Experiment VIY. Yn order to try how far 
the strength of the eleGtric spark might be re- 
duced by a proportional diminution of the extre- 
mity of the wire, I passed a solution of gold in 
agua regia through a capillary tube, and, by 
heating the tube, expelled the acid. ‘There re- 
mained a thin film of gold lining the inner sur- 
face of the tube, which, by melting the tube, 
was converted into a very fine thread of gold, 
through the substance of the glass. 

—«& When the extremity of this thread was made 
the medium of communication through water, 
I found that the mere current of electricity would 
occasion a stream of very small bubbles to rise 
from the extremity of the gold, although the 
wire, by which it communicated with the posi- 
tive or negative conductor, was placed in absolute 
contact with them. Hence it appears, that the de- 
composition of water may take place by common 
electricity as well as by the electric pile, although 
no discernible sparks are produced. 

‘“‘ The appearance of two currents of air may 
also be imitated by occasioning the electricity to 
pass by fine points of communication on both 
sides of the water; but, in fact, the resemblance 
is not complete ; for in every way in which I have 

tried 


OA EXPERIMENTS OF DR. WOLLASTON, 


_ tried it, Tobserved, that each wire gave both 
oxygen, and hydrogen gas, instead of their being 
formed separately, as by the eleGric pile. 

‘¢ |. am inclined to attribute the difference in 
this respect to the greater intensity with which 
it is necessary to employ common ele¢tricity ; 
for, that positive and negative electricity, so ex- 
cited, have each the same chemical power as they 
are observed to have in the elediric pile, may y be 
asertained by other means. On tes 

“ In the precipitation of copper y silver, an 
instance of de-oxydation (or phl ogistication) by 

‘megative electricity has been mentioned: the 
oxydating power of positive ele@ricity may be also 
ph by its effect on vegetable blue colours. 

“ Experiment VIO. Having coloured 


with a strong infusion of litmus, J passed a cur- 
rent of eleéiric sparks along it, by means of:twe 
fine gold points, touching it at the distanee of 
an inch from each other. The effect, as in other 
cases, depending on the smallness of the quan- 
tity of water, was most discernible when the 
card was nearly dry. In this state, a very few 
turns of the machine were sufficient. to occasion 
a redness at the positive wire, very manifest to 
the naked eye. «he negative wire, being after- 
“wards placed on, the same spot, soon restored it 
. sto ats original :blue colour: 
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» & By M. Voura’s apparatus, the same effects 
are produced in much less time. 

‘“* Beside the similarity which has thus been 
traced between the effects of electricity excited 
by the common machine and those observed 
from the eleCtric pile, I think it appears also 
probable that they originate from the same source. 
ee With regard to the latter, its power is now 
known to depend on oxydation ; so also does the 
excitement in the former appear very much to 
rea onthe same process; for, by 

sl Experiment UX. Lhave found, that, by using 
an amalgam: of silver, or of platina, which are 
‘not liable to be oxydated, I-could obtain no elec- 
tricity. An amalgam of tin, on the contrary, 
affords a good degree of excitement. Zinc atts 
‘still better ; but the best amalcam is made with 
‘both tin and zine, a mixture which is more easily 
oxydated than either metal separately. 

“© Experiment X. But, as a further trial whe- 
ther oxydation assists m the production of elec- 
‘tricity, I mounted a small cylinder, with its 
cushion and conductor, in a vessel so contrived 
that I could at pleasure change the contained 
‘air. | 

** After trying the degree of excitement in 
‘common air, I substituted carbonic gas, and 
found that the excitement was immediately de- 

| stroyed, 
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stroyed, but that it returned upon re-admission 
of atmospheric air. 

** In conformity to this hypothesis, we find 
that the metal oxydated is, in each case, in a 
similar state of electricity; for the cushion of 
the machine, by oxydation of the amalgam ad- 
hering to it, becomes negative; and, in the same 
manner, zinc oxydated by the accumulated 
power of an electric pile, or simply by action of 
an acid, is also negative. 

«This similarity in the means by which lak. 
tricity and galvanism appear to be excited, in ad- 
dition to the resemblance that has been traced 
between their effects, shews that they are hoth 
essentially the same, and confirms an opinion 
that has already been advanced by others, that 
all the differences discoverable in the effects of 
_ the latter, may be owing to its being less intense, 
but produced in much larger quantity.” | 

The discovery of the Voltaic pile had been no 
sooner announced in Great Britain, than Colonel 
Hatpans, whose philosophical investigations 
were already well known to the learned world, 
made several interesting experiments on the gal= 
vanic influence, which he was led to conclude, 
from the results he obtained, to be dissimilar to 
eleGricity. He appears, however, to have admit- 
ted, that a certain portion of electricity may have 
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been generated and disengaged, during the ope» 
ration of the Voltaic apparatus. | 

He tried the combinations of the different me- 
tals, and found that zinc acts perfectly well with 
gold, tin, lead, iron, and copper. According to 
him, iron also acts with the other metals above 
cited, as does also lead, although feebly. When 
he employed iron and silver, the oxydation took 
place at the wire connected with the iron, and 
the gas flowed from that connected with. the 
silver. When zinc and iron, which acted very 
powerfully, were employed, the contrary occur- 
red, seeing that in this latter case, the gas was 
produced by the wire connected with the iron, 
No other combinations than those referred to 
above would succeed, with this exception, how- 
ever, that tin and gold afforded a very faint cloud 
in the water. It was deserving of remark that, 
in another experiment, the oxyd of copper wire 
deposited in the tube, was of a dusky coloured 
green, very different from that produced by the 
apparatus of zinc and silver, as if some portions 
of the metals of which the apparatus was com- 
posed, had entered into the circulation, and af- 
feted the colour of the oxyd. The Colo- 
nel observed, that the effects of the Voltaic appa- 
ratus were suspended when it was immersed 
under water, and that this was also the case when | 
it was placed under the vacuum of an air-pump. 
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In the former of these instances, on taking it 
out, and wiping carefully its external surface, 
without separating the parts, it acted as well as 
before. Hence Mr. Nicuoxsown is led to con- 
clude*, that the power of the apparatus employ- 
ed was considerably impaired by the plates being 
placed horizontally, which must have favoured 
the efflux of water from the cards, and thence 
between the surfaces of the zinc and silver. In 
this way he endeayours to account for the ab- 
sence of the shock, as well as of other electric 
phenomena, of which the Colonel speaks, ob- 
serving that the upright pile is certainly much 
stronger than a pile which has been immersed in 
water, and afterwards wiped. | 
The Colonel having given it as his opinion, 
that the effects of the pile were not augmented 
by its connexion with the conductor of an elec- 
trical machine ; and likewise that the charging 
of a Leyden phial was retarded, when the appa- 
ratus was placed between its outside and inside 
coatings: Mr. Nicnoxson observes, that in the 
instance in which the pile was connecied with — 
the conductor, the electric stream of the latter 
may have been in a contrary direction to that of . 


* Philosophical Journal, vol. iv, p. 242. 
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the pile. In the experiment im which the pile 
was connected with the Leyden phial, it is clear 
that the phial could not be charged higher than 
the pile itself; and the general effects of gal - 
vanism lead to a conjecture, that the galvanic 
apparatus resembles a large surface of an electric, 
charged to a low intensity. 

~ Colonel Hanpane afterwards made a ser ies of 


experiments, with a view to the ascertainment of 


the relative powers of the different combinations 
of. metallic substances. He found that the pile 
acted more powerfully when it was immersed in a 
“given quantity of oxygen gas, than when it was 
confined in the same bulk of atmospherical air. 
In azotic Baby and in a vacuum, it was entirely 
suspended. From the experiments which led to 
these results, and from an inquiry into the state 
to. which atmospherical air is reduced in a glass 
receiver, placed over a galvanic apparatus, and 
confined by water, he was led to coincide in 
opinion with F'agpront, that the galvanic effects 
depend on a chemical operation, and are for the 
greater part produced by the attraction of oxygen 
from the atmosphere. Consequently, he observes, 
according to the present theory, the whole of 
the operation must be considered as a combus- 
tion similar to that which arises from the com- 
bination of sulphur and iron filings with water. 
The following experiments, made by Dr. 
H 2 Henry 
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Hewry Moyes, of Pittenweem, Fifeshire, North 
Britain, were communicated by him to Dr. 
GartusHore*, The interest they cannot fail 
to excite, induces us to give them in the author’ 
own words, without attempting an abridgement. 

‘< Experiment I, When 72 square pieces of 
copper, 72 of zinc, and 71 of moistened paste- 
board, each containing four square inches, and 
not exceeding in thickness one-sixteenth of an 
inch, were formed into a column, by being ap- 
pled to each other in the galvanic series, viz. 
zinc, copper, pasteboard—zinc, copper, paste- 
board, &c. &e., the column, though entirely 
composed of oxydable materials, discovered a 
strong galvanic power. When the bottom of 
the column was touched with one hand, and the 
top at the same time with the other, both hands 
being wet with brine, a shock was felt fully as 
strong as that which was given by an ele¢trical 
jar having 80 square inches of coated surface. 
Hence it appears that silver, or a non-oxydable 
metal, is by no means essential to the excitation 
of the galvanic power ; and indeed I apprehend 
that a galvanic column, consisting of copper, 
zine, and pasteboard, will be found as powerful 
-as an equal column consisting of*silver, zinc, and 
pasteboard. ‘he above column, con sisting of cop- 
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per, zinc, and pasteboard, retained its power with 
little diminution during a period of 36 hours. 

<¢ Experiment II. When. pieces of copper, 
zinc, and moistened alumine were formed into a 
column, by being applied to each other in the 
galvanic series, viz. zinc, copper, alumine, &c. 
the column gave shocks remarkably stronger 
than those it would have given had pasteboard 
been used. Hence a series of curious experi- 
ments spontaneously present themselves, de- 
manding to be tried. Hence a probability that 
the galvanic power may sometimes occur among 
the strata of the earth ; and hence a new theory 
of earthquakes will in all probability ere long 
appear. | : 

«© Experiment UI. When the alumine in the 
galvanic column was moistened with brine, in- 
stead of water, the surface of the column _ be- 
came, in the course of three or four days, covered 
with a copious white efflorescence, which, when 
collected and examined, proved to be soda nearly 
saturated with carbonic acid. A like efflores- 
cence was found in a column, in the construction 
of which no alumine was used. The column 
consisted of copper and zine, stratified with pa= 
per moistened with brine, and furnished, you 
perceive, a pleasing probability that the galvanic 
action of the metallic substances may one day 
conduce to the arts of utility ; it being capable 
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of furnishing, when duly employed, genuine soda 
from the salt of the sea. 

*« Experiment IV. When the galvanic influ- 
ence was transmitted, by means of two brass 
wires, through an aqueous solution of the car- 
bonate of potash, both were corroded where they 
touched the solution, and both produced or @X- 


tricated gas. The wire, however, which came 


from the copper, was manifestly less corroded 
than the other, though it yielded the largest 


_ proportion of gas ; and the phenomena were not 


perceptibly changed by substituting lime in place 
of the alkali. 


«* Both the wires also gave gas ase they 


were properly immersed in some other fluids ; but 
when inserted in the legs of an inverted biti 
syphon, which had been previously filled with 


distilled water, the mode of their action was seem- 


ingly changed: one was corroded without giving 
gas, whilst the other gave gas without being 
corroded ; and these phenomena were not inter- 
rupted by filling the bend of the syphon with 
mercury. One of the wires was constantly cor- 
roded without giving gas, and the other gave gas 
without being corroded, whether the interval be- 
tween their extremities was filled with pure water 
alone, or partly with water and partly with mer- 
cury. ‘he mercury, however, must have wholly 
precluded the transmission of oxygen from wire 

to. 
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to wire. It seems impossible for oxygen, in any 
condition,, first to descend and then to ascend 
through a column of a fluid full ten thousand 
times heavier than the air at the level of the 
ocean. Nothing, except the galvanic influence, 
appears to have passed from wire to wire, either 
without or within the syphon; and, if this be 
admitted, it will scarcely be affirmed that the 

corrgsion of the wire was a simple oxydation. 
“The galvanicaction of various fluids, upon the 
whole or most of the oxydable metals, has lately 
opened a field of research, which seems well en- 
titled to persisting attention. I have already 
proje€ted a set of experiments, which I trust 
will afford it some degree of light. You shall 
have the results as soon*as they are obtained, 
provided they shall seem deserving your notice ; 
and I shall now conclude with briefly subjoining, 
that when a metallic communication was formed 
in the dark between the ends of a powerful gal- 
vanic column, an appearance of light, resembling 
a small electric spark, was distinétly perceived at 
the moment of contact: that the copper and 
zinc, when applied to each other, discover a 
strong galvanic power; yet plates of brass had 
no such power, even when piled with moistened 
alumine : that alumine appeared to be more gal- 
vanic when moistened with brine, than when 
moistened with water; that pasteboard was de- 
Rp HA cidedly 
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cidedly more galvanic when moistened with weak 
sulphuric acid, than when moistened either with 
water or brine ; and that by inclosing a powerful 
galvanic column in a box, armed in the manner 
of a magnet, I have constructed a kind of gal- 
vanic machine, which is easily carried from place 
to place, which is extremely convenient in many 
experiments, and which has enabled me to ex- 
plain the powers of the torpedo more clearly, I 
believe, than has hitherto been done. 

Galvanic experiments, similar to those of Pro- 
fessor ALprn1, have been recently made by Mr. 
Carpuk, in the presence of Dr. Pearson, and 
several other medical gentlemen, on the body of 
MicuaeL Carney, the criminal executed for 
murder. ‘The principal object was to ascertain, 
whether galvanism, applied immediately to the 
nerves, could excite action in the internal parts, 
and particularly those subservient to respiration. 
With this view, an opening was first made into 
the windpipe, and about three pints of oxygen 
gas thrown into the lungs; the phrenic nerve 
was then exposed to conductors applied to it, and 
to the inside of the rectum, the lungs being at the 
same time occasionally inflated; yet no action 
could be excited in the diaphragm :—the nerves 
do not seem to be conductors of the galvanic 
fluid. Conductors applied. to the inside of the 
rectum and nostrils, excited very considerable 

contrac- 
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contractions in the right auricle more than three 
hours after death ; the ventricles were, as in Pro- 
fessor ALDINI’s experiments, perfectly motion- 
less ; the distortions of the muscles of the coun- 
tenance, &c. were nearly the same as on the 
former occasion.—The experiments were con- 
ducted with perfect accuracy and science; but 
mo new fact appears to have been ascertained, 
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CHAP. XVI. 


Review of the researches of the different Continental 
Philosophers, after the discovery of the Voltaic 


pile. 


IN the month of October, 1801, M. VottTa 
addressed a letter to the celebrated Professor Van 
Marum, to request of him to make, in concert | 
with Professor Prarr, of Kiel, several experi- 
ments on a large scale, with the well known 
apparatus belonging to the Teylerian Museum at 
Harlaem, on the electricity of the metallic pile. 
The following is a faithful analysis of the joint 
labours of these two naturalists, who appear to 
have confirmed the do@rine of Vorra, relative 
to the identity of the galvanic and electric fluids. 
Their researches are deserving of a particular 
notice, insomuch as the experiments on which 
they are founded, were made with the utmost 
care, and the most scrupulous attention. Their 
results must consequently tend to throw a great 
light on the theory of galvanism. 

Notwithstanding M. Van Marum was nearly 
convinced, both by what he had seen, a few 
months before, of the effects of a large column, 

and 
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and by the experiments communicated to him 
by Professor Votra, that the action of the pile 
is purely electrical, still the theory of these effects, 
which he had himself adopted, differed in several 
points from that of the latter naturalist. Being 
desirous that the apparatus under his charge 
should be made to contribute, as much as possi- 
ble, to the progress of the sciences, he solicited 
M. Prarr to examine, with him, the two theories, 
in each of their different relations, by the means 
of the above apparatus, and by experiments made 
on the largest practicable scale. In the execu- 
tion of this task they employed ten days, hav~ 
ing been obliged to have several new machines © 
constructed. | | 

In his communication to Professor VoLTA, M. 
Van Marvum begins by a detail of the results 
of the experiment which the latter had parti- 
cularly pomted out to him, namely, of the one 
in which a very large battery was to be charged: 
by a very short contact of the column. He em- 
ployed a part of the large Teylerian battery, con- 
sisting of one hundred glasses, each of which 
contains five square feet and a half of coated 
surface, and has, in general, pretty nearly a line 
of thickness. The variations in the vigalhecs 
of the glasses were productive of a change in 
the charge of each of them. Our naturalists 
having made choice of twenty-five glasses, each 
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of which, when tried separately, was perfectly 
well charged by the column, set aside, in the 
first instance, four of them, for the composition 
of a battery, which they charged by the means 
of a full column, consisting of two hundred pairs 
of metallic plates of silver and zinc. On exami- 
nation, they found that a single conta¢t, as short 
as possible, sufficed to charge the battery to a 
tension equal to that of the column, which pro- 
duced a divergence of five-eighths of an inch, 
of the gold leaves of Bennet’s ele&trometer. 
Having augmented the battery to twenty-five 
glasses, which contained altogether 137 square 
feet and a half of coated surface, it was charged 


by a single contact, as short as possible, of the 


column, exactly to the same tension which had 


produced, in the gold leaves of Brnnet’s elec- 


trometer, a divergence of five-eighths of an 
inch. ‘This decisive experiment having been 
made, our naturalists had little doubt, but that, 
by the mere contact of the column, they would 
have been enabled to charge, in the same way, 
the entire Teylerian battery, which contains 550 
square feet of coated surface. They were pre- 
vented, by particular circumstances, from making 


. this experiment, which they purposed to try in 


a more convenient season, when it would be un- 
necessary to take any precautions against the 
humidity of the atmosphere, 

The 
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The pile, or column, with which they charged 
the battery containing 137 square feet and a half 
of coated surface, having, in the pairs of metallic 
plates, the silver below, and the zinc uppermost, 
consequently had the positive electricity above, 
and transmitted it to the internal surface of the 
battery, seeing that our naturalists made the con - 
tact of the column above. Having reversed it, 
in such a way as that the silver belonging to the 
metallic plates was above, and the zinc below ; 
and having, with this inverted column, repeated 
the same experiments at its different heights, as 
well as with the totality of its parts, they ob- 
served that the battery was constantly charged, 
by a single contact, to a degree of tension equal 
to that of the column. | | 

They afterwards tried the shocks or sensa- 
tions produced by the discharge of the battery, 
charged at different heights of the column, and 
for this purpose employed two conductors of | 
copper, each of them having a diameter of two 
inches, which conductors they held in their 
moistened hands. On beginning by the dis- 
charge of the battery, charged to the twentieth 
part of the column, they felt very distinctly the 
passage of the current, from the conductor into 
the hand, and from the hand into the conductor. 
One of the friends of M. Van Marv felt it as 
high as the wrists. Having, in a similar manner, 

continued. 
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continued to experience the sensations and shocks 
of the discharges of the battery, charged by forty, 
sixty, eighty, a hundred, a hundred and twenty, 
a hundred and forty, a hundred and sixty, a hun- 
dred and eighty, and two hundred pairs of me- 
tallic plates, the effect of the discharge on the 
body augmented, in proportion as the battery 
was charged by a greater number of the plates. 
When it was charged by the entire column of 
two hundred pairs, the commotions, which were 
very powerful, were felt as high as the shoul- 
ders; but those of the battery were not equally 
forcible with those of the io ay which it was 
charged. 

M. Vaw Marum enters bare into che details 
of an experiment, which required very particular 
precautions. It was made with a view to ascer-— 
tain whether the contact of the conductor gave 
out a greater portion of electricity to the battery, 
than the action of the Teylerian electrical ma- 
chine, having a plate of thirty-one inches 
diameter, would supply during the same contact. - 
On repeating this experiment several times, he 
found that six contacts of the conductor charged 
the battery to the same degree of ‘tension as a 
single conta@t of the pile. From hence it fol- 
lows : 

ist, That a Voltaic pile provided with two 
hundred pairs of metallic plates, furnishes, to 

| charge 
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charge a battery to the tension above pointed 
out, three times as much of the eletric fluid, as 
the great machine could have supplied, in the 
primitive state in which it remained from the 
year 1785 to 1789. 

And, 2dly, That the force of the atin pile, in 
charging great batteries, and that which. the 
great Teylerian machine possesses at this time, 
to charge them to an equal degree of hopes 
are in the ratio of three to five. 

Relatively to the comparison of the sensations, 
or shocks, communicated by the discharge of 
the battery, charged, to different degrees of ten- 


2. sion, by the contacts. of the conductor of the 


electrical = oe with those of charges of the 
same tension by the means of the pile, he was 
convinced, by repeated experiments, that there is 
no perceptible difference in the shocks commu- 
nicated by the discharges of the battery, whether 
charged by the machine, or by the pile, provided 
the tensions of the charge are equal. He flat- 
ters himself that he has proved, in the most de- 
cisive manner, by an experiment on a large scale, 
the identity of the current of the fluid put in 
motion by the Voltaic pile, and of that to which 
an impulsion is given by an electrical machine. 
The identity of the currents of each apparatus 
having been thus clearly established, and placed 
beyond any doubt, it follows as a direct conse- 
quence 
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quence of the above cited experiments, that there 
can no longer be any question of the aétion of & 
particular fluid, which had been inconsiderately 
supposed to reside in the Voltaic column. 

These experiments, added to those made by 
Professor Vota himself, besides prove, that the 
action of the above column, or pile, produced by 
the contact of two metals which touch each 
other, can be no other than an elec¢trical effect. 
As the results they furnish may be explained by 
the action of two diverse metals, or of two dif- 
ferent substances which are employed, the sup- 
position of a particular fluid seems to be entirely 
done away; and, consequently, the true deno- 
mination of the Voltaic pile, ought i in future to 
be electric, and not galvanic. 

This furnishes a reply to the question which - 

was proposed in the month of May 1801, by the 
Society of Sciences of Harlaem, conceived i the 
following terms: Can the .Voltaic pile be ex- 
plained in a satisfactory manner, by the known 
laws and properties of electricity ; or is it neces- — 
sary to conclude the existence of a particular 
fluid, distinct from the one which is denominated 
electrical? MM. Van Marvum, as well as his co- 
operator, M. Prarr, had been before nearly per- 
suaded of the existence of a particular fluid, con- 
nected with the phenomena of the pile, because 
they could not, without such a supposition, fully 

explain 
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explain to themselves the results of the experi- 
ments made by several naturalists, and, among 
others, of a particular experiment tried by Four- 
croy, VauvaueEin, and ‘T’wenarD, on which we 
shall touch in the sequel of the present chapter. 
Another very singular and surprizing result, 
which was afforded by the experiments of our 
naturalists, conducted on a large scale, and which, 
according to them, was most decisively proved, is, 
that the current put in motion by the Voltaic 
pile, has an enormous celerity; which surpasses 
all that the imagination can conceive. This was 
_ particularly demonstrated by the following expe- 
riment: A battery, having one hundred and 
thirty-seven square feet and a half of coated sur- 
face, was charged by the pile, to a tension equal 
to the one possessed by itself, by a contact, of as 
short a duration as possible, of the communicat- 
ing wire. This contact did net last for the 
twentieth part of a second. When we reflect on 
this experiment, it will not appear surprizing that 
the apparatus of Vorra should produce effects, 
such as have never been seen when common 
electrical machines have been employed. The 
rapid decomposition of water may be particu- 
larly cited on this head. The above phenomenon 
induced M. Van Manvm to endeavour to aug 
ment the force of the Voltaic pile, so as to give 
it a still more decided superiority. ‘The efforts 
VOL, Il. I he 
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he made to accomplish this, consisted, in the 
first instance, of a more perfe@ insulation of the 
pile. It was proved by this insulation, that the 
shock produced by a pile formed of two hundred 
pairs of plates, has so violent an effect on the 
body of the person by whom it is received, that 
those by whom it has been once felt, cannot 


prevail on themselves to receive it a second 


time. 
-M. Van Marvm afterwards changed the pile, 
or, in other words, caused one to be constructed 


with one hundred and ten pairs of metallic plates. 
of very large dimensions, composed of copper 


and zine. W ith this pile he made experiments, 
similar to those which had been tried by other 
naturalists, on the fusion of iron wires. He was 


convinced, by one of these experiments, of the 


impossibility of constructing a pile of a consi- 
derable height, with large plates which shall be 
productive of an effect proportioned to their num- 
ber, seeing that their weight oceasions too great 
a pressure on the bits of pasteboard at the infe- 
rior part of the pile. The considerable thickness 
of the plates in question is the cause of this in- 
convenience. He therefore contrived to divide 
the pile into several, in such a way as to form 
with them a kind of chain, in which the combi- 
nation of the different columns would be ma- 
naged without difficulty, and with which it 

: would 
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would. be easier and more convenient to make 
the experiments, than with a pile of a consider- 
able height. Having disposed these piles, four 
in number, and containing collectively one hun= 
dred and ten pairs of plates, in such a way as to 
establish a communication between them, the 
effects which resulted from them were as fol- 


lows : 
ist, The two piles which contained tacit 
fifty pairs of copper and zinc plates, produced a 
‘strong red heat in eight inches of iron wire, 
which was partly melted. 
— adly, The two piles containing tciethen sixty 
pairs of plates, produced a red heat in six inches 
of iron wire. This smaller and disproper- 


 tionate effect our naturalist ascribed to the pieces 


of pasteboard not having been properly moist- 
ened. 3 ‘ 

‘3dly, The four piles, when united, produced a 
red heat in twelve inches of iron wire of the same 
thickness. 

_ Athly, The wire is not perfecly fused, unless 
when it touches, in an immediate way, the edge 
of the upper plate of the column. 

5thly, The result of particular experiments, 

‘made with a view to ascertain whether there is a 
very sensible difference between the sparks which 
are emitted, and those which enter, was, that 
neither M. Prarr, nor M. Van Maru, nor 
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any of the friends who were present at the expe- 
riments, could observe the smallest difference 
between the emanative sparks (the positive), and 
‘the entering sparks (the negative), in the con- 
ducting wire. They simply noticed equal irra- 
diating sparks. 

Othly, The latter experiments enabled our 
naturalists to observe a ¥ery fine phenomenon, 
well calculated to attract the attention, more 
particularly of those who, being present at phi- 


losophical experiments, are fond of witnessing 


the splendid effects they occasionally produce. 
When they touched the surface of the mercury 
with the extremity of a very thin iron wire, a 
combustion of that part of the wire ensued. ‘The 
process was carried on so forcibly, that sparks 
were dispersed on every side, forming thousands 
of apparent rays, which represented fine suns of 
a considerable diameter. This beautiful spectacle 
they were enabled to continue at pleasure, by 
gently depressing the extremity of the iron wire, 
in proportion as the metallic particles were dis- 
persed by the combustion. 
7thly, When they employed wires, which were 
too thick to be melted, the oxydation of the 
mercury, on its surface, was rendered more vi- 
sible by each spark. It formed spots of more 


_ than a line in diameter. 


8thly, The extremity of a wire of platina, 
of 
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of about 7; of an inch in diameter, was melted, 
and formed a globe. 

gthly, The sparks, more particularly those 
from the extremity of the communicating wire, 
when it was not too thin, had a diameter of more 
than the tenth of an inch. 

Having repeated these experiments, which de- 
monstrate the great powers of the pile he had 
contrived, M. Van Marum proceeded to examine 
the tensions, the shocks, and the charges it was 
capable of communicating to the battery. One 
of the most essential points, according to him, to 


be enabled to obtain, from a large pile, the 


greatest possible effect, and on which the suc- 
cessful result of the experiments in a great mea- 
sure depends, consists in the proper degree of 
the humidity of the pieces of pasteboard, or of 
the other substances which are interposed be- 
tween the metallic pairs of plates; seeing that 
too great a proportion of moisture is equally in- 
jurious with its defective state. A saturated and 
cold solution of the muriate of ammonia is best 
calculated for these experiments. M. Prarr 
was convinced, as well as M. Van Marum, that a 
warm saturated solution, notwithstanding it may 
contain a greater proportion of the muriate of 
ammonia, has not an equally powerful effec. 
Other circumstances, which had been hitherto 
unnoticed, and which M. Van Marvm proposes 
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to investigate hereafter, have a powerful influence 
on the effects of a large pile, which are thus ex- 
posed to greater or less variations. He made 
several researches relative to the causes of the 
more considerable effects of large piles, in the 
fusion and oxydation of metals. 

The results of these inquiries are, that the ten- 
sions of two piles, having an equal number of 
plates, although of very different diameters, are 
absolutely the same; and that a battery is equa. ally 
well charged by ee of ‘them. To conceive 
how two piles, the tensions of which are so 
similar, and which ‘are equally efficacious it 
charging large batteries, should have such dif- 
ferent effects, relatively to the fusion of metals, ite 
is essentially necessary to distinguish the action 
of an insulated pile, from that of a non-insulated 
pile, by the current, which is different in the one 
and in the other, as well as by its greater degree 
of celerity, and by the quantity of the fluid 
which the discharges transmit in equal times. 

M. Van Marum next examines what are the 
circumstances, or the causes, which admit or 
produce a greater celerity, in the current propa- 
gated by a pile of the largest dimensions, On 
this subjeét he made several experiments, which 
seem to prove that one of the principal causes of 
this effect, is, that the humid substances placed 
between the metallic plates, and which ought 

not 
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not to be considered as the best conductors, pre- 
sent fewer obstacles in a large column, on ac- 
eount of their greater breadth. In this opinion 
M. Vorta perfe@ly coincides with him. 

He proceeds to communicate to the latter a 
variety of experiments made by him, principally 
with a view to explain whence it arises that the 
piles have a more sensible effect, when the humid 
substances contain muriate of ammonia, and why 
the current is then much more powerful. A 
large pile of twenty pairs of plates, constructed 
with pieces of pasteboard dipped in the muriate 


r: of ammonia, melted into globules, in the usual 


way, four inches of iron wire; while another 
pile, of the same size, and containing likewise 
twenty pairs of plates, provided with pieces of 
pasteboard dipped in a solution of muriate of 
soda (common salt), neither melted, nor even 
ignited, a single line of iron wire. A third pile, 
constructed with pieces of pasteboard dipped in 
pure water, produced a still smaller effect, rela- 
tively to the sparks. ‘There can, therefore, be 
no longer any doubt, but that the quantity of 
the electric fluid, in the current of the first pile, 
was much greater, or, which is the same thing, 
that this current had a much greater celerity, 
than that of the columns in the case of which 
the pieces of pasteboard were either dipped in 
water, or in the solution of the muriate of soda, 

14 But 
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But what is the cause of this greater celerity in 
the motion of the current? Is it to be ascribed 
to the circumstance of the muriate of ammonia 
oxydating the metals after its decomposition ? 
This decomposition is fully proved in the column, 
by the strong ammoniacal smell which is per- 
ceived shortly after it has been constructed, and, 
still more particularly, after it has been taken to 
pieces. It is likewise evidently to bee perceived, 
that the muriatic acid of this decomposed salt, 
strongly oxydates the surfaces of the copper and 
zinc; and that this oxydation, in» proportion as 
it becomes less, weakens also, in the same ratio, 
the effedt of the column. 
~The above experiments appeared to M. ve 
Marvm to be highly favourable to the opinion, 
that the oxydation of metallic substances, con- 
sidered as such, contributes powerfully to aug- 
ment the effects of the pile. As he still, how- 
ever, entertained doubts relative to the explana- 
tion of this phenomenon, at the same time 
that he was not certain but that some other 
unknown cause, or circumstance, might have 
combined itself with the oxydation, or’ with the 
source from whence it originated; and as, be- 
sides, M. Prarr had not, relatively to the oxy- 
dation, consisered as such, the same ideas with 
himself, he formed the resolution to make, in 
concurrence with the latter, a series of experi- 
ments 
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ments which should illustrate this fact,, and re- 
move every doubt which could possibly be enter- 
tained. ‘The following is a concise detail of these 
experiments, and their results. 

Experiment 1. Our naturalists steeped bits of 
pasteboard in the sulphur ic, nitric, and muriatic 
acids, sometimes concentrated, and at other times 
diluted in a greater or less degree, employing a 


pile of thirty pairs of metallic plates, of zinc and | 


copper, each of them having a diameter of an 
inch and a half. They likewise employed piles 
constructed with ten pairs of plates having a dia- 


meter. of five inches. They were desirous to 
ascertain whether the effect. of these different 
; piles would be more or less powerful, in propor- 
tien as the oxydation of one, or of both the 


metals, should be produced with a greater degree 
of promptitude. They could not observe any 
augmentation, either of the tensions, of the com- 
motions, or of the sparks, in proportion as the 
oxydation of the metals was more speedily brought 
about. These effects were even weaker in the 
experiments with the nitric acid, whether con- 
centrated, or diluted, and in the case of which 
the oxydation of the two metals went on with 
great rapidity, than ina similar, comparative, pile, 
the pieces of cloth, or of pasteboard, introduced 
into which, had been dipped in a solution of the 
muriate of ammonia. It results from hence, that 

this 
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acids, and that it is better calcula 
“the effect of the augmentation of the current of 
~ the pile. May not the action of the ammonia : 
on the copper, likewise contribute, in a certain | 
degree, to this effect? With a view to ascer- — 
tain what this action can effect, alone, and with- | 
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this experiment was by no Tans favourable te 


the opinion, that the oxydation of the metals, | 


considered as such, is the principal cause of the 
augmentation of the effect of the current of the 
piles, in which the muriate of ammonia is em- 
ployed. 

Had this conelusion, howd er, been drawn in 
an absolute way, it would have been too preci- 
pitately made, secing that it is possible, in the 
case in question, that the oxydation is br ought 
about in a manner which differs from that of the 


ed to produce 


out being combined with the oxydation produced 
by the muriatic acid of the decomposed muriate 
of ammonia, our naturalists dipped in ammo- 
nia, the pieces of pasteboard belonging to a co- 


lumn of thirty pairs of copper and zinc plates, © 


each having a diameter of an inch and a half, 
They now observed, that the effects of the cur- 
rent of this pile were much weaker than those 
of a similar pile, the pieces of pasteboard belong- 
ing to which had been moistened with the mu- 

riate of ammonia. , 
Experiment II, With respect to the influence 
as) 


es 
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of the oxydation on the effect of the pile, they. 
deemed it essential to inquire into the results 


-the latter would afford, im vacuo, in different 


gases. destitute of oxygen, and in oxygen gas, 
pure and without mixture. In this experiment, 


_ they employed’a pile of sixty pairs of plates, of. 


» silver and zinc, having a diameter of an inch and 


» position of the water, they made a vacuum in _ 


a half, with pieces of cloth dipped in a solution 


of ammonia. The pile was placed beneath a 


eylinder covered over. After having nicely ob- 
served its tensions, and the effects of its current, 
that is, the sparks, the shocks, and the decom- 


, : the cylinder. The above effets had now so great 


a resemblance to those observed in the atmo- 


spherical air, that no sensible difference was to 
- be noticed. It may not be amiss to remark here, 
_ that the French naturalists, Bior and Cuviszr, 


had already proved, by similar experiments, that 
the action of the pile, which, when the process is 
carried on in the open air, absorbs a part of its 
oxygen, likewise takes place in vacuo. 

The effects were likewise the same, after the 
pile had been in vacuo fora considerable space of 


time. ‘The introduction of the carbonated hy- 


drogenous gas, drawn from olive oil, and careful- 
ly preserved, was not productive of the smallest 
variation in the results. It was the same with 
the azotic gas, when introduced. But when the 

| oxygen 
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oxygen gas, in a very pure state, and drawn from 
manganese, was employed, the shocks produced 
by the pile were more powerful, and the sparks, 
larger, more brilliant, and obtained with greater 
facility. The vacuum having been made in the 
cylinder, the spectators were very much surprized 
to see that these effects were greatly diminished. 
The oxygen gas having been introduced a second 
time, the results were manifested in the same 
way as before. This experiment having been re- 
peated a third time, in each of the. different 
ways, the effects which were produced were per- 
fectly similar.. The variations in the results, re- 
latively to the influence of the vacuum on the 
action of the pile, in the employment of the © 
oxygen gas, occasioned a considerable degree of — 
surprize in M. Van Marum. Before he should 
venture to come to any decision on this subject, 
it was his intention to observe, likewise, the im- 
pression of the azotic and carbonated hydrogen 
gases on the pile, after its having been exposed 
to their ation for a considerable length of time ; 
and to repeat this experiment in vacuo, and in 
the different gases, with piles the pieces of paste- 
board introduced into which should be steeped in 
water, instead of the muriate of ammonia; see- 
ing that the action of such a pile would be more 

unifoim. 
Experiment III. Finally, to judge of the in- 
fluence 
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fluence of the oxydation on the action of a pile, 
our naturalists considered that it would be expe- 
dient to make a trial with piles, the pieces of 
pasteboard introduced into which should be 
steeped in solutions, not having, in the smallest 


~ degree, a tendency to oxydate the metals. Ac- 


cordingly, the circular pieces of pasteboard in- 
troduced between twelve pairs of metallic plates, 
having a diameter of five inches, were steeped in 
a solution of potash, as highly concentrated as 
possible, This pile had a much greater effect 


than another of a similar kind, the pieces of 
__ pasteboard employed i in which had been steeped 
in pure water. The sparks, which had a radi- — 
ated appearance, were visible at the third pair of 
_ plates from below, and, above, at the twelfth pair, 


of the former of these piles ; while, in the latter, 
they were scarcely perceptible at the eleventh 
and twelfth pairs. In the case of the former, 


_when it was taken in pieces, the polished surfaces 


of the zinc and copper had not suffered the 
smallest change from the potash. The effect of 
circular pieces of pasteboard, steeped in the sul - 
phuret of liquid potash, was much weaker, and 
of a very short duration. 

In concluding his letter, of which we have 
made a very faithful analysis, M. Van Marum 
likewise communicates the results of several ex- 


periments 


126 GALVANIC RESEARCHES OF THE 


periments made by him, at a leCture he had oc~ 
casion to give in the Teylerian Hall at Harlaem, 
on the electric pile of Vorra. In the first of these 
experiments, made with a battery, the number 
of the pairs of plates, having a diameter of five 
inches, employed in which, was, for the first 
time, augmented to two hundred, comprised in a 
chain of six piles, he succeeded in melting com- 
pletely, into globules, an iron wire twenty-eight 
inches in length; and im igniting, throughout 
its whole extent, another iron wire chirty-eight 
inches in length. In the secondexperiment, several 
__ of the persons who were present, could not observe 


Wie smallest difference, after having successively 


felt the shocks of two piles, one composed of | 
twenty pairs of plates of copper and zinc, having 
a diameter of an inch and a half only, and the 
ether provided with an equal number of pairs of 
plates, of five inches diameter. The result of 
the third experiment was the same, relatively to 
the commotions of a pile constructed with twen- 
‘ty pairs of metallic plates having a diameter of 
ten inches; and of ancther pile provided with an 
equal number of pairs of plates, with a diameter | 
of aninch anda half only. | 

The fourth experiment demonstrated that the 
force of a pile does not augment in proportion to 


the surfaces pe the pairs of metallic plates, seeing 
that, 
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that, ina pile, twenty pairs of these plates, hav- 
ing a diameter of five inches only, were capable 
of melting four inches of iron wire. 

Such is the substance of the very interesting 
communication of M. Van Marum, on the iden- 
tity of the eleCtric and galvanic Aviids. He an- 
nguneces, in a postscript, his mtention to address 
another letter to M. Voura, containing a series 
of new experiments made by him. 

th another communication made to M. Ber- 


THOLLE! 1 ,in Paris, this celebrated naturalist writes | 


as follows: “© Since my last, I have succeeded 


in the decomposition ¢ of water, by the means of 
the current of the electrical machine, provided — 


with a plate of thirty- one inches diameter, con-— : 


_ structed by me on a new plan*. As you re- 


quested of M. Prarr to propose this experiment 
to me, I cannot do less than inform you of the 


mode I pursued in accomplishing the aim I 


had in view. I took a thermometrical tube, of 


the kind employed in making the most sensible 


thermometers of Craworp and Hunter, for 


which purpose I had procured several of these 


tubes some time before in London. Its diameter 
interiorly, was not more than the hundredth part 


* This machine is particularly described in the Journal de 
Physigue for Jane, 1795. 
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of an inch; and I introduced into it, an iron 
wire of the diameter of about the three hun- 
dredth part of an inch, to the depth of about 
twelve inches. I now closed the end of my ther- 
mometrical tube with sealing wax, in such a way 
as that the extremity of the iron wire should 
scarcely project; and placed the tube itself, by 
the means of a cork, within a larger tube con- 
taining water. The rest of the apparatus was 
arranged in the customary manner. By direét- 
ing the powerful current of the above-mentioned 
machine to this apparatus, the copper ball be- 


longing to which, placed on the thermometrical _ 


tube, was at the distance of about three or four 


lines from the condudtor, I succeeded in decom- _ 
posing the water with a promptitude nearly equal 


to that which: results from a Voltaic pile of a 
hundred pairs of metallic plates.” 

In the month of April, 1801, several interest- 
ing galvanic experiments were made at Berlin, by 


Major Hetviesr, of the Swedish service, Profes- 


sors BourcuE'r and Hermann, and Dr. Graren- 
‘Giesser. They began by the construion of a 
‘galvanic pile, according to the principles laid 
down by Votra, in the formation of which they 
employed gold and zinc. The former of these 
metals consisted of the Prussian coins denominat- 
ed double Fredericks, not struck, and between 
these coins and circular pieces of zinc of the 

 - same 


a 
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game size, bits of cloth moistened with salt water 
were introduced. By this apparatus the shocks, 
the sparks, and the decomposition of water into 
its two constituent gases, were readily produced. 

They now constructed another apparatus, the 
_ piles belonging to which were composed of pieces 
of silver and zine,. They were desirous to as- 
certain which of the two modes would con- 
stantly produce the greatest effect; but as each 
apparatus separately afforded a great irregularity 
in its products, they could see no just motive 

for giving an exclusive preference to the one 
eo “over. the other. A fa&, however, which had not 
been noticed, was, hat when the effects of the 


two piles were combined, by the means of a me- 


-tallic chain, fitted to the base of one of them, 
and to the top of the other, so as to be in con- 
tact, on the one hand, with: the gold, and, on 
the other, with the zinc, so great an abundance 
of the galvanic fluid was produced, as to be ca- 
pable of extending the shock to the shoulders ; 
while, with the common apparatus, it was barely 
sufficient to render it sensible at the elbows. 

Our naturalists found that the spark is to be 
obtained much quicker, either between the two 
conduétors of a single pile, or between those of 
a combined system, when their extremities are 
terminated, one of them by the point of a bit of 
very small iron wire, and the other by a button, 
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The spark, which, on the supposition that the 
extremities are not terminated in this way, is 
procured with some difficulty, soon appears un- 
der the above circumstances, and is accompanied 
by a powerful detonation. If it be intended, 
however, that this effe@t should have the greatest 
. possible intensity, it is necessary to cover with 
_ gold leaf both the point and the button of the 
condué¢tors. t 

This last discovery was the result of accident. 
. It became necessary to, consult Benwer’s elec- 
trometer, to ascertain the effect which would be 


- prodaced on it by the Voltaic apparatus. For — 


this purpose the button was laid on the top. of. 
the cleétrometer, and the point introduced as far 
as the gold leaves, which instantly perfor med. the 
function of a conductor, and determined, in a man- 
ner equally powerful and unexpected, the escape 
of the spark; a result which had been but im- 
perfectly obtained by the common means. From 
that moment, the extremity of each of the con- 
ductors was coated with gold leaf, and a strong 
spark constantly obtained with promptitude and 
ease. ‘This expedient was resorted to, with the 
utmost. success, in inflaming phosphorus, sub- 
limed sulphur, the fulminating gas, and, lastly, 
gunpowder, the combustion of which usually 
resists the action of the electric fluid. The fol- 
lowing remark was, notwithstanding, made, that, 
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in the course of these experiments, the gold leaf 
by which the extremity of each of the conduc- 
tors was covered, was itself melted, and reduced 
into a globule, more or less perfect, according to 
the force of the spafk. 

Our naturalists ascertained, with Mr. Nrcnot- 
son, the inversé state of the two conductors. 
When subje@ed to the test of the eleGrometer 
of condensation, the silver was found to be nega- 
tive, and the zinc positive. ‘They did not stop 
here ; they charged a Leyden phial with the pro- 
duct of the pile, by. the intervention of Vottra’s 
_ condenser. The two surfaces of the phial, which 
seemed to be obedient to the general law, were 
differently effeted; and, which appeared sur- 
‘prizing, it did not afford a shock that could in 
any way be compared to the slightest simple 
galvanic shock, whatever precautions were taken 
in charging it; with whatever quantity of the fluid 
it was charged; and however this quantity was 
~ accumulated; notwithstanding a small fraction 
of such a quantity, proceeding from the Voltaic 
apparatus, would have gener a pretty violent 
shock. | 

Finally, being avira to subject other elec- 
tric effecls to the test of galvanism, they suc- 
ceeded in producing, by the help of two con- 
pense the figures of LicnTENBERG, with the 
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same dissimilarities, and with forms resembling 
those which they assume in the electric fluid. 

Such are, in substance, the results of the 
operations of the Berlin naturalists. It is to be 
lamented that they did not come to a certain 
conclusion, relatively to the natute of the fluid 
which is manifested in galvanie experiments, to 
the end that every doubt might at length be re- 
moved on that head. It 1s, unquestionably, imm- 
possible not to recognize the similitude between. 
this fluid and electricity; but if any one weré 
disposed to believe that there exists, between 
these fluids, a perfect identity, the experiments 
of the Berlin naturalists would be subversive of 
ont presumption of that kind. 

The last experiment made by them, and which 
is the one best calculated to induce a belief that 
galvanism. and electricity ate of a different na- 
ture, consists i their having insulated the appa- 
ratus, and; together with it; a glass tube, in 
which’ the galvanic influence: produced, by the 
approximation of two conductors, a decomposi- 
tisnof water... ‘They now went over the whole 
of this process with a pretty large electrical ma- 
chine, the action of which they substituted to 
that of the Voltaic pile. Notwithstanding they, 
in this instance, obtained very strong sparks, the 
water contained 1 in the tube did not undergo any 

change 
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change or modification. This would scem to 
demonstrate, not merely that there is not any 
analogy between the two fluids, but likewise that 
their action is independent, and that the greatest 3 
abundance of electricity does not in any degree 
influence the galvanic process. 

On another hand, if particular circumstances 
be well weighed and considered, such, for in- 
stance, as the more powerful action of the pile, 
produced by the means of the interposed pieces 
of cloth, dipped i in a fluid charged with ammonia, 
by which the oxygen” is readily disengaged: if 
_ we next consider that, by the interposition of an 


animal substance between the metallic plates, it 
becomes apparent that the flesh i is irritated and 
reddened, on the side which is in contact with 
_ the silver, while it is reduced into a greasy, or 
de-oxydated animal substance, on the side which 
touches the zinc: if we consider likewise, that 
the apparatus is so much the more susceptible 
of energy, as it is better provided with metals 
subjected to the action of the oxygen; and, 
finally, that the metallic plates are sensibly cor- 
roded, after the pile has been made to act for 
any length of time; and that, when there is no 
longer any oxygenous substance interposed be- 
tween the metals, the galvanic action ceases en- 
tirely ; it will hence be impossible not to avow 
that the presence of oxygen, and likewise its 
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action on any given substance, are necessary 
conditions tothe production of galvanism ; and 
that the galvanic phenomena, not only have a 
cause extraneous to that of electricity, but like- 
wise have an absolute dependence on the oxygen, 
without the concurrence and a¢tion of which it 
has been hitherto impracticable to produce the 
effects of what is denominated the galvanic 

Suid. | 
The galvanic experiments of Professor TRroms- 
porrr, of Erfurth, are well entitled to notice. 
He constructed a pile of a hundred and eighty 
layers of copper, zine, and pasteboard, with 
which he obtained violent shock, and very strong 
sparks. After having, by the means of this ap- 
paratus, brought about the disengagement of 
oxygen and hydrogen gases, as well as the oxyda~- 
tion and de-oxydation of metals, he subjected to 
its action different metallic substances, and, among 
others, the metals which are not oxydable in air ; 
the whole of which were ignited by the galvanic 
process. A bit of fine gold leaf, when made to 
communicate with the extremity of the pile which 
was terminated by the zinc, burned, decrepitated, 
and produced a vivid light. <A bit of silver leaf 
burned with a blue flame; brass, with a reddish 
blue flame ; copper, with a blue flame inclining 
to the colour of the emerald ; zinc, with a whitish 
blue flame ; tin, with a reddish white flame, &c, 
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For this: purpose it is necessary that the metals 
should be finely laminated. The Professor dtd 
not entertain any doubt, but that, by augmenting 
the force of the apparatus, metallic substances 
might be burned in still more considerable masses. 
When he fell on the expedient of oxydating the 
metals stiled nodle, in hollow spheres of glass, 
they were entirely consumed, and distributed 
themselves over the internal surface of the globes. 
He expresses himself in the following manner, 
on the subject of the resolution of water into 


oxygen and hydrogen gas, by the galvanic fluid. 


a 6° We are at this time fully occupied in Germany 


sae 


Path galvanic experiments. NO RIerEeR, a young 


_ man of. very conspicuous talents, devotes himself 


entirely to this branch of natural philosophy, re- 
latively to which he has made several very in- 
genious experiments. [Hie flatters himself that he 


ean prove, in a clear and satisfactory manner, 


that water is a simple body; and his friend, Pro- 
fessor Prarr, asserts that he has transformed 
this liquid into a corresponding quantity, either 
of oxygen gas, or of hydrogen gas. My pile is 
extremely powerful, and consists of plates, or 
discs, of zinc and copper, with round pieces of 
pasteboard impregnated with salt water. It is 
of great importance that the pile should be well 
insulated, and, more particularly, that the fluid 
should not flow, in the smallest proportion, on 
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the edges of the discs. Notwithstanding T can- 
not account, in a satisfactory manner, for the 
effects of the Voltaic pile, I am still far from 
concluding, with Rirrur and Prarr, that water 
is an indecomposed body, and that the destruc-.. 
tion of the splendid edifice of modern chemistry 
is the inevitable consequence of their experi-. 
ments.” oT 
BruGNatELLi, in his Annals of Chemistry *, 
has published a memoir under the head of 
6° Chemical Observations on the Electric Acid.” 
This memoir may, at a first view, appear to have 
but an indireét connexion with galvanism ; but. 
if it be considered that, to be enabled to con-. 
clude definitively and with certitude, that the 
electric fluid and the galvanic fluid are identical, 
it is necessary to know the real nature of the 
former of these fluids, the utility of the subject 
in question, in the prosecution of galvanic in- 
quiries, will be readily admitted. 
s¢ Naturalists,” observes BRUGNATELLI, “‘ have 
hitherto merely abandoned one erroneous hypo- 
thesis for another, in considering the nature of 
the electric fluid. Some have regarded it as 
identical with heat ; while others have been led 
to consider it as a modified caloric. The dis- 
ciples of Srauz ascribed to it the nature of their 


-# Vol. xviii, p. 936. 
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phlogistic, or, at the least, supposed it to be a 


fluid abundantly provided with that principle. 
Hen ey conjectured it to be phlogistic, when in 
a state of repose, and fire, when in a state of 
activity. Among the moderns, several have been 
found who have declared it to be an acid; but 
their opinion has been combated by Garpant, 
who, by the means of several ingenious obser- 
vations, has endeavoured to. demonstrate that it 
is composed of caloric and hydrogen.”’ 

The results of a great number of electrical 
experiments, recently made by Bruenarecui, 


~ have led him to subscribe to the opinion of the 


naturalists who consider it as a fiuid differing 
from all others hitherto known. Entertaining 
no longer any doubt but that it is of an acid 
nature, he has classed it, in the system of chemi- 
eal bodies, under the denomination of oxi-eleétrie 
(electric acid). It is, he observes, a fluid nearly 
equal in subtility to the fluids of light and ca- 
loric. It has a peculiar and disagreeable smell, 
which has some resemblance to that of phos- 
phorus. It has a. pungent and acid taste. It 
irritates and enflames the skin. It is true, that 
this inflammation speedily subsides, when the 
part is washed with water in which a small pro- 
portion of ammonia has been dissolved. If the 


electric fluid be transmitted to a wound, it occa~ 


sions a burning sensation, similar to the one 


which 
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which is produced by any other acid. It reddens 
the tinGure of turnsol, which recovers its blue 
colour in proportion as the fluid passes off. It 
penetrates into metals, into the substance of 
which it insinuates itself, with a greater or less 
facility, according to their nature. When in its 
active state, it dissolves them in the same way as 
water dissolves salts, transporting their particles 
to long distances, through a great number of 
bodies. It is also soluble in water. 

If, in an aqueous solution of the eleCtric oxyd, 
metals be steeped, the greater part of them will © 
be oxydated at the expence of the water, and 
hydrogen gas will be disengaged. But, with re- 
spe& to the metallic oxyds, our naturalist has 
found that the presence of the eleétric acid ren- 
ders them saline, and favours the productions of 
ele@rats. The ele&trat of copper is of a fine 
and transparent green colour ; that of zinc of a 
deep and opaque grey colour; that of silver, of 
a transparent white ; that of iron, of an opaque 
red, inclining to yellow, &c. The metallic elec~ 
trats are not soluble in water; but the elediric 
acid is capable of transporting them to considera- 
ble distances through that medium, and of thus 
depositing them on other metals of a different 
nature. .They, in this case, assume the appear- 
ance of saline crusts, sometimes irregular, and 
displaying, at other times, a surprizing regularity. 

e ‘The 
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The experiments which led our naturalist to 
ascertain the acid nature of the elcétric fluid, 
were publicly repeated a considerable number 
of times, in the presence of several accomplished 
chemists, among whom is to be reckoned his 
very learned colleague and friend Voura. The 
latter engaged to furnish him, for the subsequent 
volumes of his Annals of Chemistry, with several 
new inquiries on the same subject *. 

The electrical, or, rather, galvanic apparatus, 
employed by our author in the above experi- 
ments, was the one which Votra,, by whom it 
was invented, denominates chapelet de tasses, or, 
in other words, it consisted of a range of cups. 
He plunged into one of these cups a small square 
Jamina of zinc, soldered to a curved length of 
brass wire, which was brought over into the ad- 
jacent cup, and thus consecutively. The cups, 
fifty in number, were all of them filled with 
water impregnated with salt. The metallic arcs 
were stationed in such a way as that the zinc 
should constantly precede the brass. The two 
cups at the extremities were made to commu- 
nicate with each other by the means of a large 
metallic wire. 


* On this occasion he likewise promfsed to give an exact 
description of the apparatuses employed by him, several of 
which, having a peculiar effet, and a ee construction} 
are not as yet known, Th 
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The first six paragraphs of the chemical obser- 
vations of BruGNATELLI, contain a detail of ex-_ 
periments which could not be well comprehended 
without the plates by which they are accom- 
panied ; but which prove that, by the means of 
the electric acid, very beautiful crystallizations 
are to be obtained on different metals. In the 
fifth paragraph he observes, that he has seen 
crystals of silver formed on a rod, of platina, 
plunged into the same cup with a silver wire. 
These crystals had been driven to the platina by 
the electric current. In another experiment he 
observed that the silver, when crystallized on the 
platina, preserved all its metallic brilliancy. 

In the three following paragraphs our author — 
explains the chemical characteristies of the elec- 
trats of silver, tin, and iron. On this subjet he 
expresses himself as follows : 

‘The transparent crystals of silver, which 
‘appeared, either on that metal, or on any of those 
cited above, were occasionally irregular, and as- 
sumed, at other times, the most decided shape. 
They represented long flattened prisms, having 
hexagonal extremities with small surfaces, which 
powerfully refracted the light. They were in- 
sipid to the taste, and were not soluble in boiling 
water. When expased to a strong heat, they 
shot out in efflorescences, and, having entirely 
lost their primitive configuration, resembled small 

Ns flakes 
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flakes of snow. The air, more especially when 
dry and warm, deprived them in the same way 
of their water of crystallization. ‘They were dis- 
solved by the nitric acid, with avery strong ef- 
fervescence, which was likewise produced when 
the acid was poured on the salt in an efflorescent 
state. ‘The nitric solution was very limpid, and 
was decomposed by the alkalies, affording a pre- 
cipitate soluble in all the acids, in the muria- 
‘tic even.” r : 

Our author did not examine the gas which is 
_ driven from the electrat of silver by the different 
acids, and more particularly by the nitric and 
muriatic. He had reason to think, however, 
that it is not the carbonic acid gas, as may have 
been conjectured, having satisfied himself that 
his electrat is likewise formed on metals immersed 


in lime-water. He was of opinion that it must 
be a particular gas, a gas su generis; unless, 
indeed, it should be found to be the electric 
acid itself. He forbore, however, to come to a 
decision on this head, in the expectation that 
Voxira, who was at that time employed in ex- 
- amining the gases disengaged from different bo- 
dies by the electric acid, would likewise ascertain 
the nature of the one in question. 

When, in these experiments, tin was employ- 
ed instead of silver, our naturalist obtained. sa- 


line crystals, similar to those which the latter of - 


ger ae these 
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these metals had supplied: they formed a depo» 
sition on the other metals; were brilliant, trans- 
parent, soluble in the acids, in which they effer- 
vesced, and were precipitated in the form of a 
whitish powder. The crystals he obtained, when 
he employed brass and steel, were regular cubes: 
they were transparent, and soluble in the acids, 
in which they effervesced. ‘The nitric solution 
afforded a blue precipitate with the prussiat of 
lime. This result rendered it doubtful whether 
the crystals obtained in these experiments were 
iron or silver, or rather a mixture of the two 
metals. To ascertain this, M. Bruenareiui 
made another experiment, which is followed by 
several observations. 

To obtain the crystallized ele€trats, it is ne- 
cessary that the metals should be well cleansed, 


‘and that they should not have been employed for 


any length of time in electric experiments. It is 
likewise essential that the electric current should 
be slow and progressive. Voxtra has. observed, 
that a powerful apparatus has’ never supplied 
them with any degree of regularity. Bruena- 
TELLI likewise noticed that their formation was 
more speedy, and the form of their crystals 
more beautiful, when the apparatus was exposed 

to the direct rays of the sun. 
The electric acid is not decomposed in oxy- 
dating the ae, but effects their oxydation at 
| the 
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the expence of the water. It has this property 
in common with the other acids, which do not 
contain the basis of air unless in the oxygenous 
state, which, according to BRUGNATELLI, is in- 
capable of oxydating or acidulating a metallic 
substance.*, this process not being brought 
about, unless by the thermoxigen. The acids, 
however, which contain this basis in a more or 
less complete state of thermoxigen, such as the 
nitric acid, which, agreeably to the experiments 
of Bruenatetir, is composed of the oxyd of 
azote, of thermogen, and of oxydated muriatic 
acid, are well calculated to produce this effea. 
Several thermoxydations being, notwithstanding, 
produced without the disengagement of gas, our 
naturalist thinks it essential to point out that he 
ascribes them to another cause, which has not 
yet been ascertained. | | 
He noticed, on several occasions, the great 
affinity of the electric acid. with thermoxigen. 
It is well known that it decomposes the metallie 
thermoxyds, those even which it thermoxyge- 
- nates. Dr. Prissttey has observed, that the 
electric spark vitiates the air, by acting on that 
fluid as a phlogisticating substance. This de- 
» pends on the combination into which the elec- 


* Arsenic, melebdens, cobalt, &c. unite with REM 


after being thermoxygenated. 
tric 
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tric matter enters with the basis of the pure airs 
To a similar combination may be ascribed the 
formation of the nitric acid, during the passage 
of the spark through the nitrous gas. ‘The ex- 
planation which naturalists had before given of 

:. this phenomenon was extremely unsatisfactory. 

‘‘ Although,” observes BruenareExui, “ the 

: passage of metallic electrats, through metals, is 
still difficult to conceive, it is certain that the 
electric acid possesses a naicahile energy to at- 
tenuate these substances, and to break them inte 
almost imperceptible parts, in such a way as to 
transport them through all the bodies which. are 
permeable to itself, without the nature and qua- 
lity of the metals being on that account changed.”” 
The difference of savour which is impressed on the 
tongue by two different metals, appears to our 
naturalist to depend on this singular combina- 
tion of the electric acid with the pure metal. 
The metallic taste is extremely manifest in this 
experiment, more particularly when gold and 
zinc, silver and zinc, zinc and copper, and vice 
versa, are employed as exciting ares. 

Of all the metals, gold and platina alone ap- 
peared to BrueGNaTELLI not to be sensibly af- 
fected by the electric acid. In the course of his 
experiments, made with the Voltaic apparatus of 
arange of cups, he frequently observed the sil- 
ver detach itself from a conductor of that metal, 

and 


=P = ye 
4 


CONTINENTAL PHILOSOPHERS: 145 


and fix on the platina and gold, which were thus 
covered by a silvery surface. He likewise ob= 
served that mercury whitened gold, notwith- 
standing the latter was immersed in water, and 
at the distance. of at least six lines from the 
mercury. In other experiments of a similar 
kind; in whieh conductors of gold and. silver 
were immersed in the same cups with zinc and 
copper, the surfaces of the former of these me-= 
tals were covered by the particles which detached 
themselves from the latter: 

_ Having terminated our extraét of the memoir 


% 2 M. Bruenare.twi, we proceed to the interest- 
: ing report made to the French’ National Insti- | 


tute by Professor Cuvier, on galvanism, and 
on the experiments of three celebrated chemists, 
Fourcroy, Vauvavetin, and THenarp. As it 
would be impossible to give an analysis of this 
report. without depriving it of a great part of its 
merit, we give it at full length. 

‘“‘ Chance, the parent of almost every disco- 
very, has within these few years afforded its aid 
to naturalists in such a way, as to render the 
present epoch a very remarkable one in the his- 
tory of the sciences: A few pieces of metals; on 
being brought in contact, have displayed pheno- 
mena which no human sagacity could have fore- 


seen, and have opened to us a field as capacious 


as it is fertile in its applications. The influence 
VOL, Il. ie i of 
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of these phenomena is now become more exten- 
sive than ever. ‘They were, in the first instance, 
apparently confined to the animal economy, but 
appear at this time to have an important concern 
in the greater part of the operations of che- 
mistry. ; 

‘‘'We are more particularly indebted to the 
genius of Voura, for the new lights which have 
been thrown on this subject. His opinion, that 
galvanism was merely an application of chemistry 
to the animal economy, having been contested 
by several scientific men, he sought the means to 
augment its effects in such a way, as to render 
their true nature evident to all the world. He 
accordingly found that, by multiplying the pieces 
of two different metals, by constantly disposing 
them alternately, and by keeping them moist, 
he could produce attractions, repulsions, and 
shocks, entirely similar to those of the Leyden 
phial. He found, in short, that a pile of discs, 
alternately formed of silver, zinc, and moistened 
pieces of pasteboard, instantly manifests all the 
appearances of vitreous electricity .at the extre- 
mity at which the silver is stationed, and of resi- 
nous electricity at that of the zinc. There is, 
however, this difference, that a Leyden phial, 
being once discharged, ceases to have any effect, 
unless it be again electrified; instead of which, 
the Voltaic pile electrifies itself, insomuch that 

its 
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its effects are incessantly renewed, and cannot be 
diminished for an instant, unless it be discharged 
by the means of very large conductors. In addi- 
tion to this, the Leyden phial is constantly dis- 
charged by the presence of water: it is suffi- 
cient that there be the smallest portion of humi- 
dity between its two surfaces, that its effects 
should be destroyed. But it is in vain that the 
water with which the pieces of paper are moist- 


ened flows out from the pile; its effec still pre- 
serve their intensity ; and do not cease until it is 
entirely plunged into an aqueous medium. 


Ae 


_ These differences could not fail to inspire 
_ doubts of the perfect identity of galvanism and 
- eletricity; to augment which doubts, other 

phenomena, of a still more extraordinary nature, 
have mtervened. If the extremities of two me- 
tallic wires, which communicate, one of them 
with the resinous, or negative extremity of the 
pile, and the other with the vitreous, or positive 
extremity, be plunged in water ; and if they be 
held at a small distance from each other: at the 
extremity of the former of these wires, bubbles 
of hydrogen gas will be disengaged ; and at the 
extremity of the other, oxygen, which fixes on 


the metal when the latter is oxydable, and rises 
in bubbles when it is not so. This ation con- 
tinues, so long as the apparatus remains in the 
state which has been described. It is not in this 
i ae, fact, 
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fatt, however, that the greatest simgularity of 
the phenomena consists ; and it is here that gal- 
vanism begins to enter on the domain of ehe- 
mistry. 

«Tt would have been quite natural to consider 
this gas as the product of the decomposition of 
matter, if a particular circumstance had not like- 
wise thrown doubts on this explanation. It is 
necessary, to the end that the disengagement 
may take place, that the extremities of the wires 
should be at a certain distance from each other ; 
since, if they were to touch, the bubbles would 


cease to be distinguishable. Why, then, do the - 
oxygen and hydrogen, proceeding from the same 


particle of water, appear at two distant points ? 
And why does each of them appear invariably on 


the wire which belongs to one of the two extre-. 


mities of the pile, and never on the other ? 

‘* Such was the state of our galvanic know- 
ledge, when a report * was made to the Insti- 
tute, of the proceedings of the class of natural 
philosophy, towards the close of the year 1801. 
All the experiments which had been made in the 
different countries.of enlightened Europe, after 
they had been classed, and subjected to a rigid 
examination, by a commission, of which M. 


_ * See vol. i. of this work, p. 363. 
ETALLE 
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HAute was the reporter, simply led to the three 

following great and principal results. In the 

first place, that the intensity of the fluid deno- 

minated galvanic, is augmented in proportion to 

the number and extent of the metallic surfaces 
brought in contact. Secondly, that its action is 
perpetually renewed. And lastly, that gases are 
produced by the communication of the two ex- 
tremities of the pile with water. 

“Since that time, however, naturalists have 
displayed an uncommon assiduity in the efforts 
they ; have made. Their curiosity has been par- 
Redes attracted by the last of the above phe- 
~ nomena. Some of them have fancied they per- 

ceived in it the bases of a new chemistry ; while 
others, with a greater share of prudence, have 


either suspended their opinion, or endeavoured to 
reduce the facts to known theories. Whatever 
their system may have been, all of them must, 
however, have set out by a similar research, to 
ascertain whether it would be practicable to ob- 
tain the two gases in separate waters. If these 
waters are absolutely insulated, the gases do not 
appear. If they are made to communicate by a 
metallic wire, there is simply a production of 
double gas; or, in other words, each extremity 
-of the intermediate wire aéts in the portion of 
water in which it is plunged, as if the wire it- 
self proceeded immediately from the extremity of 

| eo ae the 
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the pile opposite to the one which communicates 
with that portion; in such a way as that each 
portion gives, at one and the same time, the 
two gases. But if, between the two waters, 
sulphuric acid be interposed, the gases are pro- 
duced, each of them on its own side. The re- 
sult will be the same, if the waters be made to 
communicate with each other by the means of an 
organized animal substance, such as the hand. 
Thus is the production of each of the gases, in 
separate waters, completely proved. 


‘¢ Tt is clear that there are but three possible. F 
modes of explaining these facts. Either, in the — 


first place, the galvanic action tends to abstract, 
in each of the waters, one of its constituent 
parts, leaving in it an excess of the other consti- 
tuent part; or, secondly, it decomposes the wa- 
ter, and, permitting the disengagement of one 
of the gases at the extremity of one of the wires, 
conducts the other, in an invisible manner, to 
the extremity of the other wire, to allow it to 
disengage itself there ; or, thirdly and lastly, the 
water is not decomposed at all, but produces, by 
its combination with a principle of some kind, 
_ proceeding from the positive side of the pile, 
oxygen gas, and, by its combination with a prin- 
ciple issuing from the negative side of the pile, 

hydrogen gas. 
‘© The first and pecond of these opinions were 
advanced 
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advanced in the class of natural philosophy of 
the National Institute, the former of them, ver- 
bally, by M. Mones, and the latter, ina detailed 
memoir, by M. Fourcroy. The third is that of 
M. Rirrer, professor at Jena, and of several 
other naturalists who have embraced his doc- 
trine. It appears, however, so contradictory to 
the totality of all the other chemical phenomena, 
that it would have been almost impossible to 
have admitted it, provided even no other satis- 
factory explanation could have been given of the 
Ps experiment in question. 
| | _ The memoir of M. Fourcroy contains the 
‘ ‘results of a considerable number of experiments 
which he made conjointly with M. M. Vavaug- 
yin and Tuenarp. It combines with a very in- 
genious explanation of the principal fact, a mul- 
titude of circumstances which had not been 
hitherto known. Our naturalists admit the ex-. 
istence of a particular fluid, which they stile 
galvanic, and the circulation of which is from the 
positive towards the negative side of the pile. Ac- 
cording to them, this fluid decomposes the water 
in its passage from the positive side. It per- 
mits the oxygen to escape in bubbles; but com- 
bines with the hydrogen to form a liquid, which 
crosses the water, or the sulphuric acid, or the 
human body, to reach the extremity of the nega- 
tive wire. ‘There it is that the galvanic fluid de- 
1 es serts 
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serts its hydrogen, and suffers it to escape, in its 
turn, in the form of gas, while it penetrates, it- 
self, into the wire. The following is the expe- 
riment by which our naturalists attempt to prove 
that such is the secret progress of the pheno- 
menon, _ 7 

1 ake, say they, an oxyd of silver, carefully 
washed, be placed between the two waters, the 
negative wire, near to which the hydrogen gas 
pees to have been manifested, does not afford 
any effervescence; and the oxyd is reduced in 
part on the side of the positive wire. This, 


they add, is hecause the galvanic fluid, charged a 


with hydrogen, loses it in passing through the 
oxyd, the oxygen of which receives it for the 
purpose of re-composing the water, 
«« The reporter, M. Cuvirr, now proceeds to 
observe, that the memoir to which he has thus 
adverted, is merely the prelude of a more consi- 
derable work in which the above naturalists pur- 
pose to examine galvanism in each of its respec- 
tive points of view. ‘They claim the merit of 
the discovery of one.of the most important fa&s 
which belong to that science. It was known 
that, by multiplying the discs of which, a pile is 
composed, the force of the shocks may be aug- 
mented, as well as the rapidity of the decompo- 
sition of water. Our naturalists were desirous 
ta see what would happen, if the surface of each 
| of 
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of the discs were to be augmented. They, in 
consequence, formed a pile.with plates of asquare 


foot. ‘The shocks, and the decomposition of the 


water, remained the same as with an equal num- 
“ber of small discs; but the combus stion of me- 
tallic wires was instantaneously on Gos in a most 
forcible way ; insomuch, that when they were 
plunged into oxygen gas, they became ignited, 
and burned with a very bright flame: at the 
same time that small plates, however numerous, 
were not productive of any such effect. Thus is 
eethe combustion governed by a law relative to 
the surface of the plates ; while the aber phe- 
- momena depend on their number.” 
_ From the united efforts and acco - the 
above-mentioned naturalists it results : 

ist, ‘That the disengagement of the hydrogen 
at the extremity of one of the wires, may be 
stopped by throwing into the intermediate water 


an oxyd of silver. 
odly, That this oxyd is reduced to the me- 
tallic state, as is likewise the nitric solution of 
silver. 
3dly, That the effects of the progress of this 
fiuid appear to differ from those of electricity ; ; 
and that, supposing the latter fluid to act in the 
same way, it 1s, at the least, singularly modified 
by the continuity and rapidity of its progress. 
_Athily, That large plates, howeyer considerable 
their 
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their dimensions may be, do not augment either 
the shocks, or the painful ‘sensations which en- 
sue from them ; but that they augment, in a 
very powerful degree, the faculty of ignition, 
seeing that, at the very instant of contadt, they 
bring about the deflagration of iron. 

5thly, ¢ and lastly, That the movement of this 
fluid ; sives birth to a multitude e of phenomena, 
Mieilebed to illustrate, in a seprizing manner, 
the principal facts of chemistry, in the study of 
which the science of galvanism cannot Be aon a 


eminently useful. ae go eae 

The name of M. Brot, a celebrated naturalist, 4 
and profi of mathematics at the | college of a 
France, has been frequently cited in this wor | 


In a memoir on the movement of the alee | 
fluid, lately read before the National Institute, 
he endeavours to demonstrate, that the diversity 
of the laws by which the galvanic fluid is go- 


verned, in the different apparatuses, results from 


the form given to them, by virtue of which the 
celerity of that fluid is cither diminished or aug- 
mented. The experiments which had been 
ynade at the School of Medicine, had proved, 
in the first place, that there is an attraction be- 
tween the two extremities of the galvanic pile ; 
and, secondly, that, at each extremity, the par- 


— ticles of the fluid mutually repel each other. 


To employ his own words: ‘* These facts 
bare | serve 
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serve as a foundation to the inquifies on which 


I now enter. It is known that points readily © 


drain off and give out electricity. This pro-_ 
perty must likewise exist in all fluids the par- 

ticles of which mutually repel each other. In 
proportion as the points are blunted, their power _ 


is diminished; and, if we follow this analogy, 
we shall see that plane surfaces, which are, ina 
manner, the elements of great spheres, must 


abandon with difficulty, at their superficies, the 


fluid with which they are charged. In propor- 
tion as they become more extensive, this diffi- 
| culty will be augmented. This proper ty of plates 
is discoverable in the condenser of Vorta. The 


round metallic plate of this instrument retains — 
the eleétricity, so long as its superficies is applied 


to the circular piece of marble, and discharges 
it when it merely touches the latter by its edge. 


Thus, when a pile is constructed, and its two » 
extremities made to communicate, the motion of 
the fluid, determined by this mean, must be 
rapid in proportion as the discs are smaller, and 
vice versa. On another hand, the absolute quan- 
tity of the flnid, formed in any given time, dimi- 
nishes with the surfaces of the dises, all the other 
circumstances reinaining the same. If, therefore, 
two piles be formed, one of them with large 
plates, and the other with small ones, they will 
give, in the same space of time, the former, a 

aig 
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greater mass of the fluid, possessing a less cele- 
rity of motion, and the latter, a smallér mass, 
provided with a greater celerity. Let us examine 
how the combination of these two elements is 
capable of influencing ourselves. | 

¢ The shocks depend much less on the mass 
of the fluid, than on its celerity, as is proved by 
the experiment of the Leyden phial. Thus, what 
is gained in the mass, by an augmentation of the 
dimension of the discs, is more than compen- 
sated by the corresponding. diminution of the 
celerity. The shocks must consequently be di- 
minished in their intensity, in proportion as the 
surfaces of the discs are augmented. But, on 
another hand, they (the shocks) cannot be in- 
definitely augmented, in proportion as the above 
surfaces are diminished, because the absolute 
quantity of the fluid is diminished in conse- 
quence, and, with it, the mtensity of the shocks. 
A pile composed of smail plates will give a sharper 
and more intense shock, than another pile com- 
posed of larger plates. 

« These results, which a simple mode Br rea- 
soning points out, are likewise confirmed by ex- 
periment and observation. The eight large 
plates employed by M. Fourcroy, gave a weaker 
shock than an equal number of ordinary discs, 
of the size of a crown-piece. An apparatus 
composed of twelve circular discs of zinc, and of 

twelve 
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twelve discs of copper, having each a diameter of 
thirteen inches, scarcely, if at all, excites a tre- 
- maulous sensation in the moistened hands. It is 
simply productive of an almost insensible taste in 
the mouth; and never occasions the galvanic 
flash. One of these plates is more than equal, in 
mn discs. 
i es*, and 
of fifty discs of zine of the same size, gives a very 
powerful shock. ‘The flashes of light which are 
produced by its means, are very brilliant, and are 
- accompanied by a strong and pungent taste in 
the mouth. | ‘These fifty small plates are not, 
however, - more than equal in surface to eight 
common discs, and, in their aggregate, form only 
the tenth part of one of the large plates of which 
mention is made above. When this pile is dis- 
charged with large conductors, and that repeat- 
edly, in the space of several seconds, it does not, 
the instant after, occasion the smallest sensation, 


point of surface, to eighty comm 


Lastly, a pile composed of fifty cent 


either in the person by whom the preceding 
shocks have been received, or in another indivi- 
dual by whom the communication is suddenly 
established. The reason of this is, that the ab- 
solute quantity of the fluid is very small, at the 
same time that its celerity is very considerable. 


me 


* These, ian republican coins of copper haye a diameter: 
of nearly seven lines English, 
“ The 
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**'The small apparatus I have just described, 
has likewise furnished me with several facts, of 
which I shall speak hereafter. I return to the 
_ modifications which are produced in the pheno- 
mena of galvanism, by the different proportions 
of the mass and of the celerity of the fluid. The 
sensation of taste, and that of the galvanic flash, 
being obedient to the same Jaw as the shocks, 
the conclusion which is to be drawn is, that 
they principally depe end on the celerity of the 
fluid. It is not the same with the sparks, and 
with the combustion of netals : these pheno- 
mena, in the production of which the fluid acts 
by its mass, and by the continuity of its. ‘presence, 
cannot fail to be singularly favoured by the great 
plates, if it be granted that they not only us 
ment the mass of the fluid, but also slackens its 
movement in the pile. This fa& experience has 
confirmed : the great apparatus not only brings _ 


about the combustion of iron wires in oxygen 
gas, but burns them in the open air with an un- 
ceasing energy. 

«* The small apparatus, composed of centimes, 
affords a small spark, which is lively and brilliant, 
but which does not produce any effect of a simi- 
lar kind. The attractions depend likewise on the 
mass of the fluid, and are accordingly much ~ 
more sensible with the large plates. In the great 
apparatus, if the two metallic wires by which the 

commu- 


CONTINENTAL PHILOSOPHERS. 150 
communication is established, be made to touch 
each other, they adhere together strongly, in 
spite even of their own elastic force. So great 


is their adhesion, that they may be moved to — 


and fro’, and made to support several small 
weights, without being detached. ‘This experi- 
ment succeeds better when wires are made to 
touch each other at. their sharp points, than in 
any other manner. It may be tried with metal- 
lic substances of every description, provided 
y be not oxydated. By this adhesion the 


oop ot 
mae 


_ communication bet 
the pile is established ; and so long as it subsists; 
no other galvanic phenomenon takes place. ‘Two 
other wires cannot be made to adhere at the 
same time ; and when the connexion between 
the former wires, provided they are tolerably 
large, is destroyed, the appdratus remains for 
some time, before it recovers this property. 
~ These wires may remain in a state of adhesion 
for several hours; probably during the whole of 

" the time of the aCtion of the pile. Two metallic 
Jamina, or thin plates, may likewise be made to 
adhere to each other, when brought together at 
their angles. The metals employed by me being 
classed according to the order of their faculties, 

to produce these effects, are as follows: iron, 
tin, copper, and silver. This order is the inverse 

ef that of their conducting qualities. 


The 


een the two extremities of 


vith a greater rapidity than when , 
sized discs were employed in their construétion. 1 
This led me to think that the celerity of the fluid iy 
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« The fas which I have stated, appear to mé 


to demonstrate the power of points to emit the 
galvanic fluid, and that of plates to retain it. 
The result to which they lead, tends still further 
to confirm these considerations ; seeing that the 
adhesion of the communicating wires, when they 
are brought laterally towards each other, must 
be effeGed with a facility proportionate to the 
greater degree of difficulty which the fiuid meets 


with in escaping by their points. I had an op= 
portunity to remark that, in the piles composed 
of the small plates, the oxye ston was carried on 


might influence the oxydation. To satisfy. my- 
self on this head, I made the following experi- 
ment. 7 : 

_* Beneath a cylindrical bell-glass, and resting 


on a supporter fixed to a pneumato-chemical ap- | 
paratus, I placed a pile composed of thiry-nine. 


discs of zinc, and of as many discs of copper, 
each of them of the size of a crown piece. I 
did not establish any communication between the 
two extremities; and, having observed the time 
which the water required to ascend into the ap- 
paratus, found that it rose eight lines in the space 
of five hours and a quarter. I now took the 
same discs, and, after haying cleansed them, I 

placed 


l the common 


7 
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placed between them the pieces of cloth which 
had been before employed, but moistened with a 
fresh solution. Having constructed the pile in 
the same way as on the former occasion, I sub- 
jected it to the same circumstances, but esta- 
blished a communication between its two ex- 
tremities. The water now rose to the same 
height of eight lines in the space of an hour and 
a half. On persevering in this experiment, the 
elevation of the water was constantly much more 
considerable when the communication was made, 
3 than in the other case; and the oxydations were 


Bt 


oy obedient to the same law. 

; 68 I repeated this experiment with two piles, 
4 each of them composed of twenty-two small 
dises of zinc, and twenty-two centimes. Having 
_ placed these piles, at one and the same time, be- 
neath two similar bell glasses, and over the same 
pneumatic apparatus, I obtained results similar 
to those which attended the preceding experi- 
ment. The pile in which the current of the 
’ galvanic fluid was established, raised the water, 
in seven hours and a quarter, to the height to 
which it was raised by the other pile in eleven 
‘hours; and the rest of the experiment made a 
proportionate progress. At the termination of 
thirteen hours the water rose, in the former of 


these piles, to the height of seventeen lines and. 


a half; and in the other, to the height of six 
VOL. II, wate lines 
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lines only. Lastly, when the absorption ceased, 
it was at the height of twenty-five lines and a 
half in the former; while in the latter it had 
risen fourteen lines only. 

‘On taking in pieces the two piles, and com- 
paring, one after the other, the plates of which 
they were composed, I observed an infinitely 
greater oxydation in the one, in the case of which 
the communication had been established. It 
follows from hence, that the circulation of the 
fluid, in the apparatus, augments the oxydation 
of the metallic discs, as well as the. absorption 
of the oxygen. On another hand, the 
of the oxydation appears to augment the absolute 
quantity of the fluid which is formed. Conse- 


increase 


quently, the oxydation of the discs, in the gal- 
vanic apparatus, is at once the cause and the 
effect, 

¢* [ shall here notice a faét which had been 
before observed by my colleague Cuvier and 


myself, in our experiments on the absorption of 


oxygen by the galvanic pile. When it is con- 
structed in the following manner—zinc, water, 
and copper, and is placed beneath a bell-glass, to 
prevent the renewal of the atmospherical air, it 
re-acts on itself, in such a way as that the zine 
is constantly perceived to seize on the copper, 
the copper on the zinc, and thus, consecutively, 


— the lower to the ore part of the column. 
When 
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When a contrary disposition is made in the con- 
struction of the pile, an inverse action takes 
place. To be enabled to seize on the copper, 
the zinc is obliged to permeate the bit of moist- 
ened cloth by which the two metallic substances 
are separated. In the piles in which the coms 
mun'cation is not established, this permeation 
does not take place. The surface of the cop- 
per is smooth, and that of the zinc, opposite to 
it, covered by small black filaments, which follow 
the direction of the threads of the cloth: When 
_. the communication has been established for some 
time, several particles of the oxyd begin to pass 

_ off, and proceed towards the copper. Lastly, 
s when the action is powerful, the surface of the 
latter metal becomes at length entirely covered. 
over. The action now ceases; and this trans< 
mission, by renewing the surface of the zinc, 
contributes to give a longer duration to the 
effects of the apparatus. It occasionally hap- 


pens that the oxyd of zinc, after having per-— 


~ meated the bit of cloth, recovers on the copper 
-its metallic state. 
_ ** When the copper seizes on the zinc, the 
metallic surfaces are in a direct and immediate 
contact. In this case, provided the copper ad- 
heres to the zinc, it preserves its metallic bril- 
liancy, and is sometimes converted into brass. I 
have never been able to notice these reyivifica- 
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tions, unless when the communication is esta- 
blished between the extremities of the pile. To 
the end that they may be produced, it is neces- 
sary that the round pieces of cloth should nei- 
ther be too thick, nor of too close a texture. 
These results demonstrate that when the pile is 
constructed in the following manner; zinc, 

water, copper; zinc, water, copper, &c. the cur- 
rent of the fluid takes a diretion from the infe- 
rior to the superior part of the pile; but that 
the contrary happens, when the disposition 18 
made as follows: copper, water, zine; copper, 
water, zinc, &c. This perfectly mes with as 
experiments made by VoLra. 

«¢ After having considered the sth etic of 
the fluid in the interior of the apparatus, I en- 
deavoured to ascertain how this movement is 
modified, when water is employed as a conduc- 
tor. In the experiment I made on this occa- 
sion, the apparatus, which remained fixed during 
twenty-four hours, constantly presented the same 
phenomena. There were not any bubbles disen- 
gared from either of the plates; neither was 
there any adhesion of similar bubbles to their 


surfaces. ‘They did not at the same time afford 


the sinallest trace of oxydation. ‘Lhe pile, which 
still continued to give shocks, having been taken 
in pieces, presented appearances similar to those 
“it assumes when the communication is not esta- 


blished. 
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blished between the poles. The plates of zinc 
were covered by black filaments, which had not 
been able to permeate the pieces of cloth, to 
seize on the copper. The quality of the cloth 
was, however, perfectly well adapted to the trans- 
mission. It had been employed on several pre- 
ceding occasions; and the round portions had 
‘been carefully washed and dried, before they had 
been impregnated with a new solution. 

«© Water, when placed between the conduc- 
tors, presents therefore a resistance to the move- 
ment of the galvanic fluid. Provided this re- 
‘ sistance be too powerful to be overcome by the 
© fluid, the effect is not transmitted ; and there is 
¥ not in reality any communication between the 


two extremities of the pile. 

** In repeating this experiment, I allowed a 
distance of twenty-one inches only between the 
plates, and impregnated the round portions of 
cloth with a strong solution of muriate of soda. 
The shocks, which were very powerful, and the 

- distin flashes of light, ceased as soon as the 
“communication was established through the 
tubes, even when the most sensible organs were 
made to constitute a part of the chain. But 
when the water contained in the vessels was 
raised up by suction into a glass tube, and the 
extremity of the tongue kept for some time on 
: we the 
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the small column of fluid withinside, the galvanic 
taste became very perceptible, This taste be-. 
came still more pungent with a shorter tube; 
but did not give rise either to the flash of light, 
or to the slightest tremulous sensation. These 
results prove that water is intrinsically. but an 
imperfect conductor of the galvanic fluid. 

** What I have just observed must not be 
considered as establishing a difference between 
electricity and galvanism : it leads, on the other 
hand, to the deduction of a new analogy between 
them. It is true, as I have myself been enabled 
to ascertain, that under the cireumstances which 
attended the process I employed, it would have 
been possible to transmit through the water the 
shock produced by the Leyden phial, notwith- 
standing it might have lost, in its passage, a part 
of its intensity. But it ought likewise to be ob- 
served, that the inevitable thickness of the glass, 
requires, for the production of the discharge, the 
accumulation of a pretty considerable quantity of 

the clectric fluid. Now if,as becomes more and 
more probable, galvanism is an effe&, succes- 
sively repeated, of a very weak electricity, im- 
pelled with a very great celerity, all contradiction 
will cease; seeing that, in such a case, water 
must be considered as a very imperfect conductor 
of electric ary 
SeaTE 


CONTINENTAL PHILOSOPHERS. 107 


« Tt is essential to observe that, in the above > 
cited experiments, the galvanic fluid could not 
have been transmitted otherwise than through 
the mass of the water. This would not have 
been the case, if the communication had been 
established by the means of an open vessel. ‘The 
fluid, which would then have been at liberty to. 
glide over the surface of the water, would have 
been transmitted to a much more considerable 
distanee. <A proof of this was afforded to me in 
a very simple manner, in an experiment in which 

I had established the communication in a vat 


more than three feet in breadth, into which I 
had plunged, at a distance of two feet from each 


other, the extremities of two metallic conductors, 
terminated by discs having a diameter of six 
inches. When one of these thin plates was 
held in one of the hands, and the water in the 
vat touched with the other hand, or with the 
tongue, the shock, the galvanic savour, and the 
flash of light, were instantly felt and perceived, 
But when the fluid was raised by suétion into a 
glass tube, the effects ceased as soon as the co- 
Jumn of water touched the tongue. It is pro- 
bable that, had the contact been continued for 
some time, the galvanic taste might finally have 
been perceived ; but this I did not endeayour to 

ascertain on the present occasion. 
* On repeating the above experiment, I found 
M4 cee that 
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that the effects of a very powerful pile, which 
were manifested on the surface of pure water, at 
the distance of nearly two feet, without having, 
in this transit, sustained any loss of energy, were 
reduced to a simple savour, when they were trans- 
mitted through a small column of water, of the 
height of eight or ten lines, raised by a suction 
as near as possible to the conductor, which was 
plunged in the vat. When a large humid sur- 
face is thus presented to the movement of the 
galvanic fluid, it flows off in a greater quantity, 


and’ its celerity is augmented ; since, by this dis- 
position, the oxydations of the discs, of which 


the pile is composed, become much greater. 
The property of gliding with facility over 
ihe free surface of water, presents a néw 
analogy between the galvanic fluid and elec- 
tricity. 

“In this way may be explained the difficulty 
which the above fluid encounters in its trans- 
mission over metallic conductors; a difficulty 
which seems to disappear, when its progress is 
excited, by guiding it, in a manner, with the 
moistened fingers. It then glides with a great 
rapidity over the humid surface which the fin- 
gers have left on the conductors ; while, other- 
wise, it might have been stopped, or at the least 
retarded, by a multitude of obstacles, such as the 
passage from one of the condu¢tors to the other 


by 
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by round surfaces; the oxydation of several 
points on its route, &c. Obstacles of this na-_ 
ture would not, however, have resisted a more 
‘considerable quantity of the fluid, and would 
have yielded, for instance, to the common quan- 
tities of electricity, which we know how to ex- 
elites; : it 

«« This fact, which might have been consi- 
dered as establishing a very important difference 
between galvanism and electricity, being referred | 
to the above cause, belongs, on the other hand, 
_ to one of the analogies betwéen the two fluids. 


The property which is possessed by the galvanic 


fluid, of gliding with rapidity over the free sur- 
face of water, likewise explains the augmented 
action of the moistened conductors, when they 
are forcibly grasped, to establish their contact 
with. a greater number of points. The fluid, 
being now at liberty to spread itself over the 
humid surface presented to it by the conductors, 
flows in a considerable quantity, and with great 
_celerity. This disposition must therefore aug- 
ment the effect of its action on us; and the 
more so in proportion as the surface of .the con- 
duétors is extensive. ie 
“ Lastly, it is owing to the same cause that 
the galvanic fluid is transmitted more effectually, 
and to a greater distance, on the parts of the 
body, when they are moistened, than when dry. 
_ Several 
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Several other apparent irregularities, which the 
galvanic apparatus occasionally presents, may 
likewise be aroned to the properties above 
pointed out.’ 
In this memoir an attempt is made to prove, 
Ist, That the laws of the movement of the 
galvanic fluid result from the repulsive property 
of the particles of which it is composed; ‘and 
that, in this point of view, these laws are simi- 
lar to those of electricity. 
2dly, That the principal cause of the varia- 
tions in the phenomena produced by the dif- 
ferent apparatuses, consists in the diverse propor- 
tions in which the quantity, or mass of the 
fluid, is combined with its celerity. | 
' 8dly, That this fluid, which finds great diffi. 
culty in its passage through water, glides over 
the surface of that fluid with a great facility. 
Athly, and lastly, That the chemical effects 
which galvanism produces, cannot be considered 
as essentially distinct from electricity ; on this 
account, that the galvanic fluid is never elicited 
in the apparatuses employed for that purpose, un- 
less with a great celerity, and a small mass ; 
while electricity, when it is put im motion by the 
means of batteries, has at the same time a great 
mass, anda great celerity. Now if, in galva- 
nism itself, the different proportions of the cele- 
rity to the mass, give rise to such marked dif- 
ferences, 
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ferences, how much greater must these dif 
ferences be, between the electricity produced by — 
machines, and the successive impulsions of a_ 
very weak electricity acting with a very great 
celerity ? 

The above memoir, in bringing forward seve- 
ral facts by which galvanism and eleétricity are 
approximated, in as great a degree as their dissi- 
milarity had before appeared to be established by 
other facts and conclusions, furnishes an addi- 
tional evidence of the uncertainties and doubts 
which attend the sciences, so long as their pro- 
_ gress is not secured by indubitable experiments 
and explanations. The stability of these expe- 
riments, however, is, as well as the perspicuity 
and evidence of the explanations, rather the re- 
sult of time than of reason. The latter often- 
times misleads in the theories it contrives. It is 
essential, that ideas which had not before pre- 
sented themselves, and new facts, which are fre- 
quently the result of chance, should again lead 
the naturalist mto the track he has abandoned, 
and shew him how far he has deviated from the 
. truth he sought, while he has flattered himself 
that it was within his grasp. 

An allusion having been made by M. Brot to 
the experiments instituted by him, in concert 
with M. Cuvier, on the absorption of oxygen 
by the galvanic pile, we insert here an analysis 


of 
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of these experiments, which furnish new and im- 
portant information on the properties of the ap- 
paratus in question: they chiefly refer to the 
mutual action of the pile and of the circumam- 
bient air. 

To ascertain the action of the apparatus on 
the atmospherical air, our naturalists construcied 
a pile, consisting of dises of zinc, copper, and 
pieces of cloth, moistened with a strong solution 
of sulphate of alumine. This pile was placed be- 
neath a bell-glass, of a known capacity, and 
beneath a pneumato-chemical apparatus. The 
communication between the two extremities of 
the pile was established withoutside the pneu- 
matic apparatus, by iron wires introduced: into 
glass tubes, bent, and filled with water. At 
the expiration of forty-eight hours, the water 
had risen about five degrees in the bell-glass, 
and the gas which remained in it, discovered all 
the charaCteristics of azotic gas. It was lighter 
‘than the atmospherical air; extinguished lighted 
tapers, &c. &c. : 

After having ascertained that the oxygen gas 
had been absorbed by the pile, it was necessary 
to determine whether it augmented its effects. 
For this purpose, the same pile was laid over the 
pneumato-chemical apparatus, in a long and nar- 
row glass. The whole having been covered with 
a bell-glass, nt a sufficient size, and of a known 

26 


CONTINENTAL PHILOSOPHERS. > 173 


capacity, the communication was established 
withoutside the apparatus, by the means of iron 
wires inserted in glass tubes filled with mercury. 
The water in the large bell-glass was afterwards 
raised, by suction, to a determinate height. The 
pile remained in action for the space of seventeen. 
hours. It was ascertained by the absorption, 
that the air left beneath the bell-glass had now 
lost its oxygen; and the pile had also lost the 
whole cf its action. Pure oxygen having. been 
introduced within the glass, in such a way as en- 
tirely to replace the water it contained, the ac- 

_ tion of the pile was instantaneously re-establish- 

. ed, and became almost as powerful as at the 

- commencement of the experiment. It was still 
allowed to act for some time ; and the absorption 
again went on as before. 

It was demonstrated by this experiment, that 
oxygen, under particular circumstances at least, 
tends to augment the effects of the pile. It was 
still, however, to. be ascertained, whether this 
oxygen is absolutely necessary to the pile, and if 
it constitutes one of its elementary parts. ° For 
this purpose a pile was constructed, and a small 
apparatus, calculated for the disengagement of 
bubbles, fitted to it. It was placed beneath the 
gecipient of the pneumatic machine, and the va- 
cuum, made with the utmost precision. The 
bubbles continued to be disengaged, but perhaps 

| ue not » 
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hot so forcibly as heretofore. ‘This experiment 
was repeated in a more simple manner, by placing 
the pile alone beneath a recipient, which had on 
its summit a metallic rod. This rod, on the one 
hand, and the body of the machine, on the 
other, served as conductors; and, nothwith- 
standing the vacuum was made with every possi- 
ble care, a powerful shock was felt, at the same 
time that the decomposition of the water took 
place. ‘These phenomena being altogether in 
opposition to what had been advanced. by other 
naturalists, M.M. Bror and Cuvisr, without 


aiming to establish a rigorous comparison be- 


tween the galvanic and electric fluids, bring for- 
ward an experiment well calculated to illustrate 
the above results. ‘It is well known,”’ say 


they, “‘ that a Leyden phial discharges itself be- 


neath the recipient of a pneumatic machine, be- 


cause, the pressure of the external air being de- 
stroyed, the fluid contained in the coating with- 
inside, escapes by the wire, and proceeds to the 
external surface, which exercises on it an attrac- 
tive force. When this experiment is made in 


the dark, streams of light are observed to flow 


off from the wire, and to take a direétion to- 
wards the external surface. In our experiment,” 
they add, ‘* the pile is discharged in the sam@ 
manner. The apparatus by which the disen- 
gagement of .the bubbles is effeGted, renders the 

| a passage 
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passage of the fluid manifest, as is the case with 
the streams of light in the Leyden phial; and 
this passage is continued, because the pile re- 
charges and discharges itself at every instant,” 
‘&c. Finally, our naturalists conclude from their 
experiments, that the galvanic pile has an inhe- 
rent action, independent of the external air, 
which may, notwithstanding, augment its force 
under certain circumstances. 

M. Gautuerot, a French naturalist who has 
been very assiduous in his galvanic researches, 
has recently made several experiments, which are 

_ not devoid of interest. Being desirous to try the 
__effe@ of the Voltaic pile on his own organs, he 
obtained a very singular result, which had not at 
that time been noticed. When he applied twa 
moist metallic plates to his cheeks, temples, | 
forehead, and even to his chin, he felt, inde- 
pendently of the shock, the sudden passage of 
a flash of light, and a very peculiar and painful 
sensation of burning, which lasted as long as the 
application of the plates was made to the dif- 
ferent parts of the face. When the influence was 
directed to the cheeks, he felt, besides, in the in- 
ner part of the mouth, the savour which is pecu- 
liar to galvanism, notwithstanding the contacts 
were external, and in a manner extraneous ta 
that organ. 
Relatively to the electricity which results from 
3 . ) | the 
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the Voltaic apparatus, he hazarded, in the first 


instance, the following explanation. He ob- 
served that, since water; when decomposed, 
changes its state, and, from being liquid, as- 
sumes a gaseous form, this change cannot be 
brought about without a change in its electrical 
disposition. From this, and from no other 
cause, he supposed the eleCtricity which is ma- 
nifested to result. Having continued his re- 
searches on this subject, and perceiving that the 
metallic plates belonging to the apparatus were 
strongly oxydated, when it had been for a consi- 


derable length of time employed im the experi-  — 
ments, he was desirous to notice, more particu- — 
larly, the influence of the two metals, silver and 


zinc, in the.decomposition of the water. For 
this purpose he placed, on the two opposite sides 


of a disc of zinc, two small bands of pasteboard, | 


to support a disc of silver having a dimension si- 
milar to that of the zinc. He now introduced a 
drop of water between the two discs; in such a 
way as that it should touch each of the metallic 


substances. Having examined them from time. 


to time, he could not perceive, at the expiration 
of three days, the least effect of oxydation; while, 
in another apparatus, disposed in the same way, 
with this difference, however, that there was a 
slight metallic communication between the two 
dises, the oxydation began to be perceived at the 
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expiration of eight minutes. Here, the oxyd of 
zinc, although of a specific gravity greater than 


that of the water, abandons the zinc, which is 


at the inferior part, to adhere to the silver, on 
which it describes the circumference of a drop 
of water. The oxydation is carried on with a 
promptitude which depends on the nearness of 
the plates to each other; and vice versa. 

On the subject of the conducting faculty of 
water in glass tubes, he noticed a singular fact, 
namely, that the water contained in tubes which 
have a narrow opening; is less permeable to the 


_ galvanic fluid than when the opening is more 


considerable. 
To ascertain the substances, the conducting fa- 


~ culty of which produces the galvanic savour, the 


shocks, the sparks, and the decomposition of 
water, our naturalist contrived a small; but very 
simple instrument, by which he was enabled to 
make a trial of various substances, in each of 
the three states of solid, fluid, and gaseous, in 


x which Nature has supplied them. 


By the means of this instrument, he found 
that a stratum of air of an extreme tenuity, not 
thicker than a silken thread, as it is spun by 
the worm, is not in any degree permeable to 
the effects of a common galvanic apparatus. 
That flame itself; which had hitherto’ been 
considered as a good conductor of electricity, 
is likewise mot permeable to the transmission 
VOL. Il. a. Se ale : of 
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of the effects of the apparatus. That pa-— 
per, dried woods, silk, wool, cotton, thread, 
ivory, wax, oil, sulphur, phosphorus, the oxyds 
of copper and zinc, the diamond, the sapphire, 
the ruby, the chrysolite, the agate, and the human 
skin, are not conductors. ‘That the muriate of 
soda, and that of ammonia, notwithstanding they 
augment, in a very considerable degree, the con- 
ducting faculty of water, are not condu¢tors in 
themselves. And that, generally speaking, the 
substances which have been hitherto found to 
possess a conducting quality, are very few in 
number. 

It was observed by M. Gautuenot, that, in 
the decomposition of water, charcoal decomposes : 
that fluid in the same way with non-oxydable 
ractals; or, in other words, that when two pieces 
of charceal are employed for this purpose, one 
of them disengages the hydrogen gas, and the 
other the oxygen. He had occasion to notice 
this peculiarity, that when the portions of char- 


coal touch each other in the water, its decom- 
position is not. stopped on that account, as hap- _ 


pens when metallic substances. are brought in 
contact under the same circumstances. Indeed, 
if, to bring them more immediately together, one 
of the pieces of charcoal be cut in a furcated 
shape, this does not become ari obstacle to the 
decomposition of the water. This proves, ac- 
cording to his mode of reasoning, that char- 

| coal 
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coal is hot so powerful a conductor as the fluid ~ 
~on which it acts. is 
The next inquiry made by our naturalist, was 
whether a pile could be constructed by the means 
of charcoal, and pyrites, or sulphuret of iron, of 
carburet of iron, or, lastly, plumbago: ‘After 
many ineffectual attempts, he contrived an ap- 
parattis of forty layers of charcoal and’plumbago, 
which afforded a strong and pungent taste; ac- 
companied by the galvanic flash of light, and; 
finally, produced the decomposition of water, the 
charcoal side disengaging the hydrogen gas. This 
‘a latter circumstance, he observes, removed every 
j doubt of the influence of metals; even of: that 
of the iron which might have been contained in 
the plumbago ; since, supposing it to have existed 
there, the hydrogen gas would have been disen- 
gaged on the side of the plumbago, in the same ° 
manner as it is disengaged in batteries construted 
with charcoal and tron. 
In continuing his researches, not with the pile, 
_ ‘but with the apparatus composed of a range of 
~ cups, he found that, by the introduétion of thé 
extrenitics of two wires of silver, or platina, into 
his mouth, at the same time that the other ex- 
tremities were plunged in the first and last of the 
cups, the galvanic savour was still perceptible after 
they had been withdrawn from thence, and had 
been brought in contact. It was in some degree 
permanent while the contaét was'continued; and 
ale AU _ Was 
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was renewed at intervals, when they were brought 
together, after having been withdrawn from each 
other. 

He observed that the galvanic savour was still 
more perceptible, when the extremities of the 
two wires were introduced into a bottle of water 
impregnated with salt, and prevented from touch- 
ing the fluid by the means of acork. In this 
case, by plunging the two other extremities into 
the apparatus of the range of cups, or by bring- 
ing them in contact with the two extremities of 
a common pile, more especially at the moment 
when the water in the bottle was decomposed, 


the savour was strongly manifested as soon as the 
two extremities which had been made to com-. 


municate with the apparatus, were introduced 
into the mouth. It was even accompanied at 
times by a slight shock ; and its activity was of 
a much longer duration. By the means of this 
new apparatus water was decomposed. 

This experiment, which is not to be explained 
by the theory of electricity, appeared to our nav 


turalist to be extremely interesting. As it is sus- 


ceptible of several modifications, he is of opinion 
that it may probably be the source, or basis, of 
several others, which may lead to the discovery 
of the theory of this new branch of natural phi- 

losophy. 
In another experiment he plunged the two 
extremities of a single platina wire into the first 
| | and 
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and last of the cups in the above-mentioned ap- 
paratus; and, having brought the two ends of the 
‘wire near to each other, without, however, al- 
lowing them to touch, perceived, as soon as he 
had introduced them into his mouth, the galvanic 
savour, the strength of which he found, by se- 
veral other similar experiments, to be propor- 
tionate to the diameter of the wire. 

It is not essential to the success of this expe- 
riment, that the two cups at the extremities of 
the range should contain water impregnated with 
salt; and, indeed, in this case the saline solution 
_ might occasion some doubt relative to the cause 
of the savour. To remove every uncertainty on 
this head, and to give a greater degree of sim- 
plicity to the experiment, M. Gautueror filled 
with distilled water two cups, between which, 
and the extreme cups of the apparatus, he esta- 
blished a communication by the means of two 
platina wires. He then plunged into the cups 
which contained the distilled water, the two ex- 
tremities of the platina wire by which the sa- 
your was intended to be produced; and, having 
brought them into contact with those which 
answered the purpose of conductors, waited the 
diseneagement of the bubbles arising from the 
decomposition of the water. By this mode he 
obtained the maximum of the sayour which is 

n3 ae furnished 
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furnished by experiments of this description,. 


He could not bring himself to agree with Votra, 
that it is to be ascribed to an effect either of acid, 
or of alkali, resulting from the decomposition of 
the water; since, when the two extremities of 
the wire, after having been taken out of the 
cups, were plunged into pure water, it was still 
very perceptible. By way of a comparative ex- 
periment, he plunged the two extremities of a 
platina wire, one of them into the nitric acid, 
and the other into an alkaline solution, and, 
having afterwards immersed them in a glass of 
water, this immersion sufficed, not only to dis- 
engage them from these very active agents, but 
likewise to: prevent the production of the slightest 
savour in the mouth. This experiment merits, 
in hts opinion, a very serious investigation. 
Several naturalists, he observes, are of opinion 
that an unknown agent is combined with the 


electric fluid, in the produétion of the galvanic - 


phenomena. ‘Their persuasion is founded on 
this particular. circumstance, that several of the 


galvanic phenomena do not accord with the exs 


planation which has been given of them by the 
known laws of electricity. The experiments 
which have been detailed above, seem to favour 
this opinion. It is certain, at the least, that the 
decomposition | of wale, by khe apparatus con- 


tr ived 
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trived by M. Gaurusrot, does not correspond 
with what has been hitherto ascertained relatively 
to the properties of the eleciric fluid. 

We have thus given the substance of several 
memoirs, by the above naturalist, which were 
read before the National Institute. A favourable 
report was made on them by M. M. Fovurcroy 
and Vaveuriin ; and from this report we ex- 
tract the following passages. 

‘¢ In the first of the memoirs which we have 
examined, and which contain several fa@s of 
great importance in the history of the galvanic 


_ fluid, the author gives a description of .a new in- 


strument he has contrived, to measure the con- 
ducting faculties of different natural, solid, liquid, 
and even gaseous bodies. In this memoir the 
whole of the theory and _praétice of the different 
kinds of conductors is detailed. From the re- 
sult of his experiments he draws several conse- 
quences which seem to disprove the identity of | 
the electric and galvanic fluids. 

«« The object of the second memoir compre- 


-hends the galvanic properties of charcoal, con- 


sidered more particularly as a conductor. Our 
author shews that it is not so perfect a condue-. 

tor as metallic substances. | 
“* The third memow is very curious, and 
unique in its kind, insomuch as it aseribes to 
init a property which it was not known to 
WA possess, 
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possess, that of forming with zinc a galvanic 
apparatus, composed of seventeen layers, which 
produces slight shocks, the decomposition of 
water, &c. 

“* In his fourth memoir, M. Gaurueror fol- 
lows up his researches on the substances which 
are conductors of the galvanic fluid, and points 
out those which ought essentially to be consi- 
dered as such. He describes the composition of 
the different galvanic columns, and the mode of 
their construction. 

«* In his fifth, and last, memoir, he details his 
attempts, which were, in the first instance, inef- 
fectual, to construct a galvanic apparatus with- 
out metals; and announces that, after many 
researches, he succeeded in accomplishing the 
aim he had in view. Charcoal and plumbago 
are the elements of this pile. This new fad, 
which exclusively belongs to M. GaurueEror, 
cannot fail to contribute essentially to the ascer- 
tainment of the properties and nature of the 
galvanic fluid.”’ 

We extra& the following reflections and ob- 
servations on galvanism from a very ingenious 
work on the principles of physiology, by M. Du- 
mas, a celebrated French professor. 

After having demonstrated the existence of 
the electric fluid, contained in all the parts of the 
. human body, pig PaRCUL Ns in the nerves and 

brain ; 


EB os Vike 
Lae I 
Wine Roving = 


‘Se 


CONTINENTAL PHILOSOPHERS, 185 


brain ; and after having proved that, by its con- 
stant tendency to place itself im equilibrio with 
the electricity possessed by the bodies by which 
it is surrounded, it is itself the physical cause of 
all the eleCtric phenomena, to which man, whe- 
ther in a healthy state, or in a state of disease, 
can be subjected: after having observed, with- 
out adopting, however, the miraculous relations 
of cures on which credulity has bestowed too | 
implicit a faith, that it is impossible not to com- 
prehend this powerful means of nervous excite-~ 
ment among those which hold out great and 


_ peculiar advantages in the treatment of paralytic 


and convulsive affections ; our author adds, that 


the new class of phenomena, disclosed to us by 
the experiments of Gatvanr, Vauii, Fow er, 
Wexts, Bertincuigeri, Humegoupr, &c. are to 
be derived from the same principle of excitement 
-in the system. : : . 

‘¢ Has it not been seen,”’ observes M. Dumas, 
*¢ that the movements. produced in the muscles, 
by the action of the nerves subjected to the in- 


-fluence of metallic substances, follow pretty 
~nearly the laws by which the usual effects of 


eleGricity are governed? The disagreeable sen- 
-gation impressed on the tongue by the contact 
of two different metals, had been long known. 
/ Hunter had announced that, by laying a metal- 
lic substance on the upper lip, and another on 

| od 4 the 


. es , ilk De 
1386 GALVANIC RESEARCHES OF THE 


the tongue, the sensation of ® flash of ght, ex- 


tending over every part of the face, was to be 
produced. . These facts, which were lost sight of 
by naturalists, ought to have led them into the 


track of a discovery, the physiological utility and 3 
Gu 


amportance of which will never, perhaps, be 
equal to all the noise it has made in the philoso-. 
phical world. I speak of the experimental process 
which consists in the excitement of the action of 
the sensitive and motory forces, by the medium of 
metallic substances. In the explanation of this 
process, an invisible agent, a new cause, was in 


the first instance introduced, notwithstanding it 


appears to be nethieg more, than an extra mean 
of experimenting, superadded to so many others, 
on a class of piiendniens ‘anciently known.” 

_ The general consequence which the naturalists 
of Italy, Great Britain, Germany, and France, 


drew, after having repeated the experiments of 


GALVANI, was, that the metallic influence is not 
imparted to the muscles, until after it has been 
communicated to the nerves. This conclusion 
appears to have been dictated by the effects. to 
which the nervous parts, as well as the ergans 


of the sensations, are subjected in galvanic expe- 


riments. It receives an additional support from 
the assurance given by Humpoxprt, that it 1s im- 
possible to produce the contractions, in a portion 
of muscle prepa in such a way asi to divest it 

he entirely 
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entirely of every nervous ramification. . It. is, 
notwithstanding, certain, that the coatings. of 
the muscles alone have been sometimes cffica-: 
cious in the production of the galvanic effect; 
: and this would be an incontestible proof of an 
“irritation independent of the nerves, if it were. 
not likewise certain, that this irritation is capable 
of penetrating into the internal tissue of the or- 


gans, in which the nerves are concealed. It 

would, however, be too rash to circumscribe to 

the nervous .and sensible fibres, the impression 

of the metallic stimulus, seeing that, independ- 8 
ently of several rational arguments which prove 
_ the contrary of this assertion, the experiments 
made by Dr. Fowzzr demonstrate that the 
action of galvanism is direcled at least as much’ 

to the vascular, as to the nervous system. 

On the subject of the opinion of the latter 
physiologist, as well as of Humpoxpr, that gal- 
yanism and electricity have not an exact simili- 
tude, and that, consequently, the effeAs of the 
former of these principles are ascribable to a 
new property inherent in metals, before un- 
known, M. Dumas asks the following question : 
« Where would it be possible to stop, if as 
many conjectures, and as many principles, were 
to be allowed, as there are facts to explain? If it 
be true,” he adds, ‘ as these naturalists have 
asserted, that electricity and epeaaism are two 

separate 
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separate and distinct causes of phenomena, we 
have reason to expe, from the progress of 
human intelligence, that they will be hereafter 
united and confounded in a third cause, which 


will embrace both of them, and will produce its — 


effets by different modifications.”’ 


M. Ricueranp, the author ef an elementary 
work on physiology, has published, in the me- . 


moirs of the Medical Society of Emulation in 
Paris, several galvanic experiments and observa- 
tions, which we shall now proceed to examine. 
Shortly after the discovery made by GaLvant 
had been communicated to the scientific world, 
he instituted a series of experiments tending to. 
confirm the theory of our learned countryman, 
Dr. Mitimay, on the sea scurvy, and on putrid 
fevers. The principal characteristic of these 
affeCions, is an extreme diminution of the con- 


tractible faculty of the muscles, destined for the 


vital functions, and for the voluntary movements. 
This had led to a presumption that, in the 
corpses of those who had fallen victims to the 
above diseases, the muscles would be but little 
susceptible to the galvanic stimulus. It was con- 
sidered, on the other hand, that the galvanie 
susceptibility would be more strongly marked, 
and more durable, in the instances in which 
death had been brought on by inflammatory 
affections. The of the experiments, the 

results 
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results of which are given by M. Ricweranp, 


«was to ascertain the degree of confidence to 


which these a euuaks are entitled. 
«© Whatever,”’ he observes, ‘‘ may be the dis- 


“case of which the subject of the galvanic experi- 


ment has perished, the contractible faculty is 
alike extinguished in all the muscular organs, as 
soon as the time, necessary to the ascertainment 
of the total destruction of the vital functions, has 
elapsed. I took, indiscriminately, the dead bo- 
dies of those who had died of scorbutic or in- 
flammatory affections, without a regard either to 


the age or sex*. To the nervous and muscular 


Sm - 


parts of these corpses I applied the metals which 


produce the most powerful excitement, such as 


zinc and tin. I brought these metals in contact 


over large surfaces, but could not obtain the 


_ smallest contraction. I afterwards repeated these 


experiments on 4 great number of dead bodies, 
the muscles of which I sprinkled with the oxyge- 
nated muriatic acid, a preparation so well calcu- 
lated, according to Humszo.tpt, to restore their 
languid and feeble circulation. ‘The result was, 
however, the same as on the former trials. 

“¢ My next experiment was on a young man 


* These experiments were made in the hospital of /a Salpe= 
triere, in Paris, in the presence of M. Pinex, a professor be- 
longing to the School of Medicine. 

| who 


190 GALVANIC RESEARCHES OF THE 


who fell from the roof of a very lofty house, 


and fractured the skull, the thighs, and the arms! # 


‘Phe liver was lacerated; the abdominal vena 
cava ruptured ; and there was a considerable ef- 


fusion of blood in the abdomen. Notwithstand- 4 


‘Ing the wounded man ‘died on the spot, he was 
carried to the hospital of fa’ Charité. The vital 
heat was extinguished; but the’ muscles weré 
totally insensible to the ‘galvanic stimulus. 

See evetat warm-blooded animals, which had 
been recently killed, but the heart of which still 
contracted, at the same time that the vital heat 
was not diminished in any particular degree, did 
not present any gal vanic phenomena, although 
nothing was omitted which could contribute to 
their production. ‘The life of all these animals 
terminated by convulsive movements, which 
were more or less powerful, according to their 
“age, their strength, and their size.’ 

It appears probable, from the above observa- 
tions, that whatever portions of muscular irri- 
tability may remain on the approach of death, 
they are consumed in the last efforts of the vital 
force. : It has been observed by Grimaup, that 
mortal diseases, for the greater part, terminate 
by convulsive movements, unless the patients 
have been debilitated by a low diet of long con- 
tinuance, or by extreme old age; as if, accord~ 
ing to the opinion. of Srann, each animal had 

| . received 
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_ received from Nature the sum, or quantity of the 
_movements necessary to the development of the 
duration of its life; and as if these movements 
| press rapidly and tumultuously, when the termi- 
nation of its existence is hastened by an acci- 
dental cause. 

If a limb be severed from a living animal, the 
muscles are sensible to the aCtion of the galv anc 
stimulus. But they are insensible to‘it when the 
amputation is made after the convulsive move- 
ments by which the last agonies are terminated. 
A leg having been amputated, in the case of a 
disease of the articulation of the knee, its mus- 
les, and the sciatic-popliteal nerves were laid 
' bare immediately after the operation. The gal- 
-vanic phenomena Were, in this instance, very 
sensibly displayed; and did not cease until the 
total extinction: of the vital heat. : 

“ These facts, observes M. Ricusranp, seem _ 
to prove that the muscular contradtibility is de- 
stroyed, by the convulsive movements in the > 
midst of which warm-blooded. animals expire. 
In cold- blooded animals the contractibility is 
more vigorous, and more durable. If this qua- 
lity can be atted on by the galvanic stimuli g 
considerable time after death has taken place 


and at the moment even when the putrefactive 
process has commenced, is it not because, in 
these animals, life is less a pipe, if the ex- 

pression 
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pression can be allowed, but because it is more 
divided in different organs, which have less need 
of acting on each other, in the production of 
this surprizing phenomenon? 

“ Trritability is of two short a duration in 


man, to allow the galvanic experiments tried ~ 


after his death, to furnish any information rela- 
tive to the greater or less degree. in which this 
vital property is weakened and exhausted, in. dif- 
ferent diseases. ‘he writers, therefore, who have 
advanced that the galvanic susceptibility is- more 
effectually extinguished in subjects whose death 
has been occasioned by scorbutic affections, than 
in those who have sunk under the attacks of. in- 
flammatory diseases, have hazarded a very im- 
probable conje@ture, which has not been cons 
firmed by experience.” eo ae 


In a work recently published, entitled, “ New — 


Elements of Physiology,’ M. Ricnzranp has 
introduced an article on galvanism, in which he 
traces the progress of the discovery up to the 


present time. Of this article we now proceed to 4 


take a short review. | 
«The name of animal electricity,” he ob- 
gerves, ‘* was soon changed for that of metallic 
irritation (irritamentum metallorum), a denomi- 
nation which is evidently defe@tive, since it tends 


to lead to a persuasion, that the irritation excited © 
by metals, is alone capable of producing the gal- — 


vanic@ 


— 
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¥anic phenomena, at the same time that char- 
coal, water, and many other substances, are 
équally favourable to their production. Not- 
withstanding there is a great analogy between 

the effects of ele@ricity and those of galvanism, 
F tiie name of animal electricity has been also re- 
nounced, to perpetuate the memory of the cele- 
brated naturalist by whom the discovery of the 
latter principle was made.” 

Our author now proceeds to describe iret is 
essential to the production of the effects, in the 
formation of a galvanic circle. He describes the 
experiments which an individual may.try on him- 

self, such as those made by Humsgouprt, toge- 

ther with the mode of constructing the exciting 
arc. He points out the relations which subsist 

between galvanic susceptibility and muscular 
irritability. He shews that the former is extin- 
guished in warm-blooded animals, in proportion 
as the vital heat is dissipated; and that it is more 
durable in animals with cold blood. In proof of 
this, he adduces the following facts, which were 
communicated to him by Professor Prarr, and 
are but little known. 

“The galvanic chain does. not produce any 
sensible actions, that is, contractions, unless at 
the moment when it is closed, by establishing a 

-eommunication between the parts of which it is 
constituted.. During the whole of the time that 
WeOL. II. roe ae | it 
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it remains closed, that is, during the interval that 
the communication continues to be established, a 
perfect tranquillity prevails, notwithstanding the. 
galvanic influence is not suspended. Indeed, 
the excitability is in a very extraordinary degree q 
either augmented or diminished, in muscles which ~ 
have remained for a long time within the galva-. 
nic chain, according to the difference of the si- 
tuation of the combined metals. If the silver be 
applied to the nerves, and the zinc to the mus- 
cles, the irritability of the latter 1s augmented in 
proportion to the time they have remained with- 
in the chain. By this mean, it is possible to sti- 
mulate to action, 1, andaialy a manner, to revivifi- 


ogs, which are again obe- 
dient to the séimulz, afer they have ceased to be 
moved by them. By distributing the metals in 
an inverse manner, that is, by applying the zinc 
to the nerve, and the silver to the muscles, an 
effect of a diametrically opposite nature is ob- 
‘served. The muscles, which, on their being in- 
troduced into the chain, had manifested the 
highest degree of irritability, appear to be com- 
pletely palsied, after they have remained for some 
time in that situation. 

“It is very evident that this difference de- 
pends on the direction of the galvanic fluid, de- 
termined either towards the nerves or the mus- 
cles, according to the manner in which the me- 
tals. 
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tals are disposed. ‘This fact is of the utmost im- 
portance, in the application of galvanism to the 
cure of diseases, In the casés which indicate the 
necessity of augmenting the enfeebled irritability, 
* it is preferable to employ the tranquil and lasting 
influence of the galvanic chain, by distributing 
the silver and the zine in such a way, as that the 
former of these metals may be near to the origin of 
the nerves, while the latter is laid on the muscles, 
the benurnbed, or totally suspended ation of 
which is.to be revived, than to resort to its sud- 
‘den, = algae and instantaneously sumulating 
_ influence.” 
| The above article on galvanismn i is terminated 
by the description of the Voltaic apparatus, and 
by the explanation given by Fourcroy of the 
manner in which this apparatus acts, in bringing 
about the oxydation, and the disengagement of 
the hydrogen gas. He ascribes this phenomenon, 
to the decomposition of the water by the galva- 
‘nic fluid. This fluid, according to him, aban- 
dons the oxygen to the wire by which the posi- 
‘tive extremity of the apparatus is touched, and 
afterwards conducts the other gas, in an invisible 
manner, to the extremity of the other wire, to 
allow it to disengage itself there. This opinion, 
‘which is supported by a great variety of experi- 
ments, appears to our author to be the most 
probable of any that have yet appeared, 
OD na Several 


the upper end of which touched the heart, and 
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Several galvanic experiments and observations 


shave been recently published by M. Brcnar, 


physician to the Hotel Dieu in Paris, and author 
of a very celebrated work on anatomy. In speak- 


-conformably to observation and experience, that 
it is not immediately by the interruption of the 


cerebral action that the heart ceases to aét,.he 
confirms this fundamental datum of physiology 
and pathology, by a series of galvanic experi- 


“ments, which demonstrate that the heart is in all 


cases independent of the brain. 
“a he observes, “ were 
made by me with the most scrupulous attention, 


“ These experiment 


‘because several very respectable authors have re- 
‘cently advanced an opinion contrary to mine, 


and have endeavoured to prove that the heart, 
together with the other muscles of organic life, 
do not differ, as to their susceptibility to the gal- 


4 


ing of the influence of the destruction of the © 
brain on that of the heart, after having proved, 


vanic influence, from the different muscles of — 


animal life. I shall begin by a detail of the ob- 
servations I have made on animals with red and 
cold blood. 

‘‘ ist, In several experiments made on frogs, 
T coated the brain, on-the one hand, with lead, 


and the heart and muscles of the inferior extre- 


mities, on the other, with a long lamina of zinc, 


the 
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the lower end the muscles. Having, by the 
means of silver, established a communication’ 
between the coatings of the muscles and those. 
of the brain, the movements of the limbs con= 
_stantly- followed; but I could not perceive any 
acceleration in the contraétions of the heart, 
when it still continued to beat; and when its 
action had entirely ceased, it did not display. the 


smallest movement.’ Whichever may be the vo-. 
luntary muscle that is coated at the same time’ 
with the heart, with a view to a comparison of 
the phenomena they exhibit at the moment of. 
the metallic communication, there is constantly 
a marked dl decided difference. 

Bae adly, In the: case ( 
with a common metallic wire, on the one hand, 


other frogs, I coated, 


_ the cervical part of the spinal marrow, in the 
upper region of the heart, to the end that the 
coating might be! above the part where the 
nerves which proceed from the creat intercostal 
nerve, and thence to the heart, originate; and, 
on the other hand, the heart, and any one‘ of the 
yoluntary muscles. I constantly noticed a result * 
similar to the one which attended the preceding 
experiment, whenever the communication was 
established: There were invariably violent agi- 
tations in the voluntary muscles, without any vi- 
sible alteration in the contractile movements of 
the heart. | | 
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** 3dly, I endeavoured to, derindate the nerves 
which lead to the heart of frogs. Several erey- 
ish filaments, scarcely perceptible, with the na- 
ture of which, I must acknowledge, I am not 
positively acquainted, were coated with a metal« 
lic substance, at the same time that the heart 
was made to rest on a substance. of a similar na- 
ture. When the communication was established 
by the means of. a third metal, not the smallest 
sensible effect was to be perceived, 

‘< It appears to me that these trials, which had 
been partly made before I engaged in them, are 
well calculated to decide, in a positive manner, 
whether the brain has any dire& influence on 
the heart, more particularly when they are re- 
peated with the precautions which were taken 
by me, to coat successively, and alternately, the 
internal and external surfaces, and the substance 
even of the latter organ, In each of these ex- 
periments the natural disposition was preserved 
between the different parts which serve to unite 
the heart with the brain. 

«< Athly, There is another mode of experi- 


menting, which consists, in the first place, in de- 
taching the heart from the breast. Secondly, in 
bringing it im contaét with two different metals, 
at two points of its surface, or with portions of 
flesh coated with metals. And, thirdly, in esta- 
blishing a communication between the coatings, 


Py 
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by the means of a third metallic substance. In 
these cases, Humsoxpt observes that he has seen 
the movements produced. I must confess, not- 
withstanding, that although I have frequently 


‘repeated these experiments, with a strict adhe- 


rence to the forms prescribed, I could never per- 
ceive any such result. On other occasions, it is 
true, a slight movement, very different from the 
natural contractions of the heart, was manifested, 
and seemed to be ascribable to the galvanic in- 
fluence. I should have been inclined to con- 
sider this movement as the effect of the me- 
chanical irritation of the coatings, had it not 


been for the eepeG ania authority of Humroupt, 
and of several other pr rofound naturalists, who 


have recognized, in their experiments, the influ- 


ence of galvanism on the heart, when the ap- 


plication is made in this manner. I am, howe 
ever, far from pretending to have seen more dis- 
tincily, in the trials I have made, than those who 
have pursued the same track of investigation. I 
merely state what I have observed. 

* 5thly, It may not be improper to observe 
in this place, that the experiments in which the 
coatings are not applied, on the one hand, toa 
portion ef the nervous system, and, on the other, 


to the fleshy fibres of the heart, do not appear to 


me to be very conclusive, in deciding whether 
the influence which the brain exercises on that 
(04 } organ, 


~ 


¥ 
200 GALVANIC RESEARCHES OF THE 


organ, is direct. What rigorous induction can, 
indeed, be drawn from movements produced by 
the coating of two fleshy portions ? 


6c] proceed now to experiments made on ani- 
mals with red and warm. bloods. It became the. 
more necessary to try them, because the mode 
of the contractibility of animals with red and. 


cold blood, differs essentially, as is well known, 
from that of animals with red and warm blood. 

- Jst, In the course of the winter of the year 
1798, I was authorized to make different experi- 
ments on the bodies of the unfortunate persons 
who had been guillotined. These bodies were 
brought to me about twenty minutes after the 
ce. In several of them 


execution had taken 


the motive faculty was feat otuished while, 


in others, I was enabled to excite it, with a 


greater or less degree of facility, in all the mus- 
eles, by the ordinary methods which are resorted 


to on these occasions. It was more particularly 


manifested in the muscles of animal life, by the 


means of the galvanic processes. I could never 
succeed, however, in the production of the 


smallest movement, when I coated, either the | 
spinal marrow and the heart, or the latter organ. 


and the nerves it receives from the ganel ions , by 


the great intercostal, or from the brain, by the - 


par vagum. Notwithstandmg this, when me- 
chanical exciters. were applied, in adirect and im- 
mediate 
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mediate way, to’ the fleshy fibres, contractions 
ensued. Did this arise from the nervous fila- 
ments of the heart having been for some time 
insulated from the brain? But, in’ such a case, 
why did those belonging to the voluntary mus- 
cles, which were likewise insulated, favour the 


1 


production of the galvanic phenomena? The 


following experiments will clear up this doubt. 

‘*. Odly, In) experiments ma ke on dogs and 
guinea. pigs, I coated, with two metallic sub- 
stances; in the first place, the brain and heart ; + 

next, the trunk of the spinal marrow and the lat- 

_ ter organ ; and, finally, that organ and the nerve 
_ of the par vagum, fro 
nerves. The two co 
communicate, there was not the smallest appa- 
rent result: I could not perceive that the move- 
ments were re-produced, after they had ceased ; 
nor that they were accelerated during their con- 


_ which it receives several 


os having been made to 


- tinuance. m7 

« 3dly, The cardiac nerves of two dogs having 

» been coated, both in their anterior and posterior 
filaments, another coating was applied to the 
heart, sometimes at its anterior surface, and at 
others at. its posterior surface, and at others, 
again, at its fasciculi.. The communication, as 
in the preceding experiment, did not produce 
any apparent: movements. in experiments of 
this description, the communication ought not 

: to 


a 
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to be made until a certain portion of time has 


elapsed after-the coating has been placed on the 
heart, to the end that what is merely the effect 
of metallic ifritation, may not be ascribed to 
galvanisin. ie 

“« Athly, Humsoxpr observes, that when the 


heart is suddenly detached from the cavity of the 


pericardium, taking care that several of its insu- 
lated nerves shold still remain attached to the 
viscus, contractions may be produced by coating 
the latter with a metallic substance, and by 
touching the coating with another metal. I 


tried this experiment repeatedly, but without 
icular instance, which 


success, except in one pa 
was attended by feeble contractions. 

« 5thly, On the other hand, I succeeded, al- 
most invariably, in producing contractions in 
animals with red and warm blood, when I took 
out the heart, and brought it in contact, at two 
different points, with metallic substances, between 
which a communication was established. It ap- 


pears to me that this is the only mode of producing « 


on that organ, efficaciously and demonstratively, 
the galvanic phenomena. It does not, however, 
prove what is the object of my present researches, 


namely, whether the brain has a direct influence 


on the heart. 
<¢ | gepeated each of the ahve experiments 
on galyanism a considerable number of times, 
and 


re 
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and with the most minute precautions, Not- 
withstanding I did not obtain the same results, 
I would not have it understood, as I observed 
before, that I wish to throw any doubt on the 
fidelity of the experiments which have been tried 
by others. The effects of those which have for 
their object the vital forces, are well known to 
be extremely variable. Admitting, even, results 
different from those which I obtained, it will still 
be acknowledged, at least such is my persuasion, 
that, on the score of galvanic excitement, there 
js an enormous difference between the muscles 
of animal life and those of organic life. There 
is not any method so well calculated to ascertain 
this difference, in experit nents on the heart and 
on the intestines, as that of constantly coating 


pas 


with the metal which is employed as a coating 
for these muscles, one of those belonging to 
animal life, and thus establishing a parallel be- 
tween them. 

*‘ If, indeed, we grant that the galvanic phe- 
nomena have, on these two ‘kinds of muscles, 
an equal influence, what is proved by this fact 2 
Nothing more than that these phenomena are, 
in their succession, governed by laws which are 
altogether different from those of the pheno- 
mena of the nerves with which these muscles 
correspond.” 

Having discussed this importa physiological 

question, 
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question, M. Bicuar proceeds to treat of the 
influence the destruction of the vital energy of 
the brain has on that of the respective organs, 
which he divides into those of animal life, and 
those of organic life. He inquires, in the first 
place, whether the interruption of.the organic 
functions, is a direct effect of the cessation of 
the cerebral action. . After having proved, as he 
had already done in the preceding article, both 
by observation and experience, that all the in- 
ternal functions are, ins the same way with. the 
action of the heart, withdrawn from the dire& 
ascendancy of the brain, and that, consequently, 
their interruption cannot be immediately derived 
from the destruction — 


yf that organ; and after 
having established, anatomically and substantially; 


that the organic functions are not subjected to 


_ the immediate influence of the brain, seeing that 


the greater part of the viscera by which these 
functions are performed, receive few, if any, of 
the vertebral nerves, but are rather supplied with 
the nervous filaments arising from the ganglions, 
such as are observed in the liver, kidnies, pan- 


: 
‘ 
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creas, spleen, intestines, &c. he demonstrates the _ 


truth of the principle he has established, by ex- 
periments on living animals. | 
These experiments were made on the stomach, 


intestines, bladder, uterus, &c. of animals with _ 


warm blood, and were constantly attended by a 
| On eg result 


i 
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result similar to the above. They were after- 
‘wards repeated on cold-blooded animals ; and 
_ justified the general inference which he draws, 
namely, that, a with relation to the galvanic 
as in every other point of view, 


fluid, as well as 
there is an enormous difference between the 
muscles of animal life, and those of organic 


life.” P 


PART 


( 206 ) 


PART IV. 


CHAR. XVHe 
General introductory observations. 


FIAVING thus brought down to the present 


time, an historical account of all the theories * 


and experiments relative to the newly discovered 
principle of galvanism ; and having traced the 
science from the era of its discovery, through all 
its successive stages, it now remains for me to 


arrange the scattered sentiments into a regular — 


order, so as to bring into some kind of bilo 
the subject treated of. 

Hitherto I have confined myself to a detail of 
the experiments of the different philosophers, 
chiefly arranged as to the time when they were 
performed. It will now be requisite to class un- 
der their respective heads, the various discoveries 
which have been made, commencing with the 
simple state of galvanic combinations, and rising 
gradually to the more complicated arrangements. 

It is necessary to observe, that the subsequent 
elements are not a mere repetition of what has 
already been given. I presume that, on the 
other hand, they will be found different from any 
which have yet been offered tothe public. Al- 

pad | though, 
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though, in my general sentiments as to galvanism, 
I coincide in opinion with Vora, still in many 
instances it will be found that I have materially 
differed from him. I have attempted to prove, 
that the principles of galvanism and electricity . 
are identically the same. That the former is 
the evolution of electricity from conduting bo- 
dies, forming one of their constituent parts, and 
disengaged by a chemical process; while the 
latter is the same principle, rendered apparent to 
our senses, by the temporary changes of non- 
conducting bedies, to a conducting state. 

» AsI have undertaken to explain all the pheno- 
F a leCtrical principles ; and 
as, relatively to these principles, I have enter- 
tained opinions different from those generally 
received, I have deemed it necessary to previ- 
ously state them, seeing that, otherwise, the 
explanation of the galvanic operations would 
have been obscure. | 
Ft will be seen, that all the operations of elec. 
tricity are reducible to the action and re-aion 
between air and the ele@ric fluid; and it appears 
to me, that the phenomena hick have been ge- 
merally ascribed to the influence of such imagi- 
nary powers as those of attraction and repulsion, 
are here satisfaCtorily accounted for on simple 
mechanical principles. When we reflect that 
ele@ricity is a principle which has been known 
for more “dish two thousand years, and that it is 
still 
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still very imperfectly comprehended, it cannot be 
expected that, at so early a period after the disco. 
very of galvanism, any thing like a perfect system 
ean be formed. I believe the present to be the first 
attempt to arrange systematically this new branch 
~ of natural philosophy, on which account I flatter 
myself I shall meet with every indulgence, if the 
work should be found not to be so perfect as it 
has been my wish to render it. Those who have 
been habituated to philosophical pursuits, will be 
fully aware of the arduousness of the task which 
aims at the reduction of disjointed members into 
one perfect body. In such an attempt, it is not 
only requisite to repeat with care the numerous 
experiments which have been already performed ; 
but also to institute new ones, in order if possible 
to ascertain certain precise limits. ‘Thus, in the. 
chapter on galvanic surfaces, 1t appears that it . 
had been admitted as an axiom, drawn from the 
experiments of Fourcroy, Vavavenin, and 
Trenarp, that the shock is in proportion to the 
number of the plates, and not tothe surfaces. In 
the’examination of this fact, I have shewn that 
there are limits, which, @ priorz, we could not have 
conceived. ‘These very limits explain to us an 
important part of the science of galvanism. 
What has hitherto been given, is merely to be 
considered as an historical detail ; but this fourth, 
and last part, constitutes the Exements of ELec- 
weicity and GALVANISM. + Stor 
nearee aie” | CHAP. 
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CHAP. XVIII. 


The principle of galvanism considered as an im- 
portant agent of Nature—Observations on the 
systems of Mzrsmer and Perxins—What is 
meant by conducting and non-conducling sub- 
stances, in electrical and galvanic experiments. 


_._ ALL the knowledge of natural philosophy 
which can be acquired by cursory reading, with+ 
out the assistance of mathematical learning, must 
consist in an acquaintance with leading facts and 
general conclusions: facts are, as it were, the 
materials of science, and much praise is due to 
those who have increased the public store, by 
new experiments accurately made and faithfully 
related. But it is not in the mere knowledge, 
nor even in the discovery of facts, that philosophy 
consists: one who proceeds thus far is an expe- 
rimentalist, but he alone, who, by examining the 
nature, and observing the relation of facts, ar- 
rives at general truths, is a philosopher. 

It is now about thirteen years since an appa- 
rently new branch of natural philosophy has been 
added to the stock of scientific acquirements, - 
and, from the peculiarity of its phenomena, has 

VOL. | | ne . exeited 
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excited the general attention of philosophers. 
The circumstances which led to this important | 
discovery by Gatvant, have been already parti- 
cularized. The experiments of the Continental 
and British philosophers, have at once developed ~ 
the influence of this surprizing principle, and 
have demonstrated its effects as an important 

agent in Nature. 7 
The peculiar powers of this principle, in rousing 
into action the dormant energies of vitality, and 
giving life to parts which were in a torpid inactive 
state, at first induced an opinion, that it is a 
principle sua generis, and more subtile than that 
of eleCtricity, which it more particularly resem- 

bles. ‘When we reflect, that electricity is 
‘principle known for more than 2000 years, “a 
“yet that our knowledge of it is very imperfect, | 
how little ought we to expect from the science of 
galvanism, in so early a stage as the present period. 
Galvanism is not one of those mysterious prin- 
ciples which influence the animal frame, without 
affecting the external senses—its wonderful agency ; 
is evinced by its powers of decomposing inanimate 
matter; and the celebrated GuYTON thinks, | 
that at some period it will be found one of the 
most general mineralizing principles. When an: 
animated body is subjected to its action, all those | 
effects arise which might be expected from the 
stimulating power of an -active principle. It 
| Mi ; ou does” 
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does not act by influencing the imagination, - 
which has been so many times a¢ted upon by the 
magnet and the tractors. 

~ It is true, that in a machine so complicated as 
the human body, subje& to go many strong im- 
pressions, and to the almost absolute power of 
imagination, the changes said to have been 
brought about by the votaries of Mesmer or 
Perkins, might have been produced by causes 
very different from the agency of the loadstone 
or of the tractors : these circumstances have been 
more vaunted than examined by the advocates of — 
animal magnetism and perkinism. Mesmer, we 
_know, pretended that when he was himself 
touched by the loadstone, he had the capacity of 
transmitting by his finger the magnetic streams 
fom his own body to that of | his patient, 
STEIGLEHNER proved all Mrsmen’s trials to be 
illusive and fallacious; and a highly respectable 
character, Dr. Hayearru, has placed in their 
proper light the delusive tractors. May we 
not, however, make some allowance for those 
intelligent persons who have been misled by 
the visionary effects imputed to animal mag- 
netism and to the tractors, when we consider that 
two such celebrated characters as Bacon and 
Boyte were contaminated by the prevailing en- 
thusiasm of the ancient magnetists? Musmer 
pretended, that the nature of the inherent power 
ey 2 on 


B12 INTRODUCTORY REMARKS 


on which he expatiated, was only known to him- 
self, and by him alone it could be communicated. 
It is also said, that the traciors lose their virtue 
if they fall mto other hands than those of the 
purchasers *. , 

In the author’s inquiries into the surprizing 
principle of galvanism, no deductions will be made 


* In the Mesmerian doftrine there is something fascinating, 
something calculated to strike the minds of the multitude: an 
universal fiuid, subtile beyond comparison, capable of receiving, 
propagating and communicating all the impressions of motion, 
and constituting a mutual influence between celestial, terres- 
trial, and animal bodies, 

It is difficult to conceive what interest can be attached to the 
tractors, which are founded on no medical or philosophical 
principles, and the prescribed mode for the application of which 
is so truly ridiculous, as to render. it suspected, that the imagi+ 
nation must be very easily a€ted upon, if capable of being thus 
infinenced, It has been, however, asserted, that they cure by 


their own, inherent power ; and proofs have been brought of : 
their surprizing efficacy in the recovery of dumb animals. It ti 
inust be in the recolletion of many medical men, that during Bid 
the Mesmerian rage, the Count pre Puysree¢ur’s dog was said. a 


to have been cured by magnetism—the case is as follows: 
The dog happening to stand in the way of a young man, the 


latter took, hold of him by the tail, and whirled him to a little 


distance ; the suddenness and violence of the motion deprived 


the animal of ‘his senses, and this insensibility continued long — 
enough to admit of the ceremonies of magnetism being pers — 


formed, and to-enable the Count to boast of the cure. 


but © 
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but what experimental facts authorize; no asser- 
tions advanced but what can be demonstrated. 
Although he may oécasionally indulge in the 
wide field of conjecture, the opinions which will 
be then brought forward will only be noticed as 
hypothetical, and as affording a presumption that 
they may occasionally lead to the ascertainment 
of some important facts. 

As all the galvanie phenomena appear to him 
to accord with. the principles of electricity, and 
to be regulated by the same laws—as his opinions 
upon these laws differ from those generally re- 
ceived, he has thought it advisable to premise 

them by a few introdudiory remarks. 

The observations he has made as to the galvanic 
influence in medical cases, are comparatively but 
few; its influence in cases of deafness he has fre- 
quently experienced. In recommending the em- 
ployment of this principle to the serious attention 
~ of practitioners, he hopes it will not be understood 
by the public, that he confines his attention solely 
to this practice; it is only one of the branches 
of that course of science of which every practi- 


tioner ought to be master*. 
In 


_ * There is a remarkable instance of an eminent practitioner, 
who, from his extensive acquired knowledge, deservedly 
Yanks high in the profession, but who found it prudent 
, Pa Soa . to 
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in the employment of this principle, the same 
precautions are requisite as in the exhibition of 
any active medicine: the sensibility of the part 
affected, and whether it should be direétly or 
indirectly acted upon, are circumstances to be 
only regulated by the judicious practitioner, 


CONDUCTORS AND NON-CONDUCTORS OF 
ELECTRICITY. 


The experiments of Mr. Gray casually led to 
this grand division of all substances, as they relate 
to electricity. They were by him termed electrics 
and non-ele¢trics, from a supposition that the 


” 


to decline being thought to have paid any peculiar attention 
to a distressing malady, which, in the course of his enlarged in- 
quiries, he had greatly benefited.—Medical persons are too ge~ 


nerally deemed not to require such a philosophical education as. 


may render their knowledge of Nature more perfe&; even by 


some, common sense is deemed incompatible with medical stu« 


~ dies.—A French lady being told that her physician had not com- 


mon sense, replied, “‘ Tant mieux; un homme qui passe son 


tems a étudier le sens commun, comment peut-il apprendre la 
medicine ? Monsieur l Abbé qui parle Gréc comme Homére, ne 


29 


sait pas danser :” and Dr. Moore tells us a ludicrous anecdote 
of a French lady who-had injured her ancle—ber practitioner 
ordered a poultice to be boiled precisely four minutes and a 
half: upon Dr. M. expressing some surprize at the minuteness 
« these orders, she exclaimed Mon Dieu, quelle precision ! 


i! calcule comme un ange! 


” 
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former alone contained the principle of electri- 
city, as being only apparent in consequence of 
their excitation. Dr. Franxuin, from some ex- 
periments, being induced to suppose that elec 
tricity is equally diffused, changed the terms of 
electrics into non-conductors, and non-electrics into 
conductors. From some experiments, I am in- 
duced to suppose, that electricity is universally 
diffused, but not equally; that those bodies are 
the best conductors which ‘contain the greatest 
quantity, and those the best non-conductors which | 
contain the least.—Thus metallic bodies are the 
best conductors *. All fluids, except air and oil, 
are also conductors. ‘The disposition in the bady 
to retain eleStricity may be termed its capacity, 

When conduGing bodies undergo any change, 
if by such change their capacities become altered, 
then signs of electricity are evinced. _ 

If the change should be of such a nature, that 
their capacity for electricity becomes increased, 
the substance will be in a state of abstraGting it 
from surrounding bodies, and therefore will evince 
negative signs; the same as frigorific mixtures 
produce negative signs of heat. | 
If, in the change it undergoes, the capacity of 
the substance for electricity is diminished, it gives 


_ ® Philosophical Analysis, by C. Wirktnson, Printed for 
_ Allen, Paternoster-row. 
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out a portion of its natural quantity, and evinces 
positive signs, or a state of superabundance. 

When any substance, in the change it under- 
goes, gives out electricity, it becomes propor- 
tionately diminished in its conducting powers; so, 
on the contrary, when it acquires an increase, it 
increases also its powers as a conductor. 

Thus a metallic substance, which is a good con- 
ductor, when oxydated is a very imperfect one, 
In the change from’ its reguline state to a calx, 
electricity 1s given out. 

Water, when it forms itself into dew, gives out 


* In order to ascertain the influence of eleatricity, in the 
process of crystallization, I made some experiments on the 
change of water to ice. The temperature of the air in the 
course of the night was as low as 26° of Fanrenueir. It is 
well known that when water remains quiescent, it may be 


cooled down to29° without being frozen. Upon the least motion, 


it is almost instantaneously converted into a solid mass. Cone 
_jeCturing this to arise from the absolute necessity of the water 
to part with an adequate quantity of electricity, as well as of 
heat, I placed water in two equal sized glasses, and covered 
their surfaces with oil. Into one I introduced an iron wire, 
bending its sides over to communicate with the ground; the 
other did not contain anything. A S:x’s thermometer was placed 
near them. This instrument indicated the lowest and highest 
degrees to which the included mercury has been during the 
night. In the morning it was found at 27°. The water 
covered with oil was not frozen; the other was completely 
congealed. At 26° a asl were frozen. | 


electricity ; 
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eletricity; and AcHARD says, that ice reduced to 
13° below the zero of FanrenseEiyY, becomes so 
great a non-conductor, as even to be capable of ex- 
citation. Dr. Jusr observes, that from a cylinder 
of ice he has drawn sparks when at the tempera. 
ture of 5° below zero. 

When water is converted into vapour, its capa- 
city for electricity 1s mereased; and it is well] 
known that the conduting power of vapour is 
superior to that of water*. 

This capacity for electricity is not regulated by 
any known laws, such as the densities or the spe- 
cific gravities of the bodies. 

In many substances, the conducting power seems 
to depend on the addition of other principles ;_ 
thus wood, when a conductor, is.so in consequence 
of the moisture it contains; when deprivéd of 
it by drying, it resists the passage of electricity. 

Wood, when charred, again becomes a. con- 
ductor; but the charcoal, when powdered, is anon- 
condudtor. It would hence appear probable, that 
some change in the arrangement of its own con 
stituent parts, may occasion this variation. ‘Thus 
a piece of sponge, which, in its compressed state, 
will retain a very small quantity of water, when 


* This has been fully proved by Lutzin, Priestiey, 
Youra, and Lavoistgr. 


in 
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in its dilated state, will absorb a consider able 
quantity of that fluid. 

What this peculiar change may be is difficult 
to conceive; but when electric bodies become 
partial conductors, it seems to be effected by the 
agency of heat. | 

Glass, which is a non-conductor, when rubbed 
becomes a conductor; and 1s equally so when its 
temperature is raised to 400° of Fanrenneit. The 
conducting power from attrition appears only to 
remain while the glass is immediately under the 
rubbing action. It has but a momentary existence ; 
and the powers of conducting are exhausted, the 
instant the glass is disengaged from the rubber, 
no signs of electricity being evinced unless the 
latter is in contact with a conducting medium. 
How far this change in the glass may be attri- 
buted to an alteration in temperature, appears to 
merit the attention of electricians. Although no 
very sensible warmth is induced in the substance 
of the glass, we are still to learn in what manner 
its merely superficial particles have been influ- 
enced, and raised to a very high temperature. 
The quantum of electricity thus accumulated, is 
always in the compound ratio of the surfaces and 
of the pressure. _ 7 

When the pressing action is very considerable, 
as in the case. of metallic bodies, great quantities 

of heat are extricated. . Thus a nail, when struck 
| | | violently, 
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violently, soon exhibits signs of considerable 
warmth; the caloric. diffused in its interstices is 
exudedon the surface in consequence of the ap- 
proximation: of the constituent particles of the 
iron. More striking effects relative to the disen- 
gagement of heat by violent pressuré, are parti- 
cularized in the ingenious Essays of Count Rum-. 
FORD. | 

Whether the caloric diffused in the inter- 
stices, or combined with the body, is given 
eut by pressure, is a fact difficult to deter. 
mine*, ‘Those substances which are non-con- 


ductors, 


\ 
* Dr. Crawrorp supposes heat to be never in sucha state 


ef union with matter as to form a chemical combination; but 
that it is merely mechanically diffused, the particles of fire 
being disseminated through the interstices of matter, and not 
in immediate union with the constituent particles. 

‘It is extremely difficult to draw the line of distinG@tion be- 
tween mechanical diffusion and chemical union; the difference 
between the. highest degree of diffusion and the first degree of 
chemical combination, is too minute to be in any way ascertain- 
able. In the more simple state of diffusion, in which caloric ap- 
pears to be disseminated, it does not appear to exist in its ele- 
mentary state, uncombined with any other substance, but 
to be combined with some other body, so as to form with 
it a gaseous principle, the basis of which not being able to per- 
meate the substance, the caloric is evolved, precisely in the 
¢ame manner as is exhibited by the condensation of air. 

‘Lhe superincumbent pressure on fluid particles effecting in 
ih a . them 
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ductors, and consequently capable, from éxcita 


tion, of giving out signs of eleCtricity, do not all 
of them lose their power, when freed from the 
rubbing action. ‘Those bodies which are usually 
termed resinous, continue for a certain apace of 
time in their conduéting state, until they are 
equalized with the surrounding air; and, conti- 
nuing in a disposition to abstract electricity from 
surrounding bodies, will therefore evince iit ites 
signs: as 

Positive and negative electricities are not to bé 
regarded as two distiné principles ; but merely 
as relative proportions, of the same principle. 


them a change, such as the evolution of a principle similar to 
the combined caloric, may be considered as the reason why 
fluids a& with a force proportionate to the area of their base, 
multiplied by their perpendicular height. , | 

Supposing a columnar series of a thousand particles of was. 
ter. If we conceive that the particle of water in the middle 
of the column, necessarily compressed, by a force equal to 


_ about 500 particles of water, from the superincumbent pressure 
gives out a certain portion of caloric, the particle at the bot- 
“tom of the column, pressed upon by a double force, will give 


out a double quantity. As a€tion and re-adtion are equal, the 


_ Fe-ation of the bottom drop will be exa€ily equal to the super- 


-jncumbent pressure; and it will necessarily follow, that all 


the particles lying in the same line will be equally aéted upon 
and equally re-a&. In the finest dust or powder, no change 
can be induced in the constituent particles by pressure : ‘ 
therefore these particles only ‘act with a force equal to their ab- 


solute gravity. . 
Glass, 
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Glass, and all vitreous substances, when ex- 
cited, give out positive signs of electricity, Du 
Fars and the Abbé Notuer having observed that 
ground glass gives out negative sions, subsequent 
writers have transcribed this error merely upon 
their authority. | 

Sealing-wax, resinous bodies, and such of the 
electrics as are capable of combustion, give out, 
on excitation, negative signs. 

These bodies, when excited, become not only 
_ conductors at the moment of ‘excitement, but 
also retain the power a certain time afterwards, 
insomuch, that from every substance with which 
they can come into contact, of a conducting na- 
ture, or containing electricity, they will abstract 
the fluid until they become in a state of equali- 
zation. It is for this reason that excited sealing- 
Wax is in a state reverse to glass. The latter gives 
out the fluid, but the sealing-wax continues to 
abstract. Hence, when they act together, the 
_ sealing-wax readily admitting what the glass is 
giving out, they counteract each other. 

. When equal portions of sealing-wax and glass, 
equally rubbed, be placed both together upon an 
electroscope, no disturbance of the pith-balls or 
_ gold-leaf ensues. _ 
It might be a subject of useful inquiry, whether 
this power of retention in resinous bodies be in, 
any way dependent on the state requisite for 
combustibility. | | 
| has CHAP, 
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Different capacities of substances to contain the 
Seer De Gglrud—Caloric one of the component 
parts of ali bodies—Change induced in particu- 

lar substances ly attrition—ZInfluence of the 
~ weather and seasons on the result of electrical 

‘experiments —Lffect of mercurial amalgams, ex- 


' plained. 


AT present we are unacquainted with any 
substance which does not contain some portion 
of electricity ; and in general we find, that when 
any change is induced in a body, so as to increase 
its capacity for heat, its conducting powers are 
proportionably augmented. | 

When no signs of electricity are apparent, it is 
because all the substances contain precisely such 
a quantity of the fluid as is proportionate to their 
capacities. 

It is well known, that equal bulks of ice and 
water, each of them at the temperature of 32, 
possess, notwithstanding, different capacities for 
caloric, different’ quantities of which they con- 
tain, ©, these two Aca be placed in con- 
| S tact, 


~ 
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tact, no changes will be induced, because they 
are in a state of equalization, in proportion 
to their capacities. If the temperature of the 
water should be increased to 42°, viz. ten de- 
grees above the freezing point, and consequently 
so much greater than the temperature of the 
ice, the caloric in that part of the water in con- 
tact with the ice, meeting in this substance wit 
less resistance, will be pressed forwards, and enter 
into union with the ice*. | 

Thus, although ten cubic inches of a metallic 
substance contain considerably more electricity 
_ than the same bulk of water, or of air, yet, while 
m contact with these substances, no disturbance 
-as to this principle will take place, because their 
capacities are proportionate to their quantities. 
But if either of them should undergo any change, 
so as to influence its capacity, then a disturbance 
_ will take place. If, for instance, the water or the 
air should be expanded by caloric, .its capacity 
for electricity will be increased, and the eleéri- 
_city inherent in the metal, meeting with less 
resistance in that direction than any other, will 

si, RN SNE EE AO CR: AMM (ETRE A 

* Si par exemple, on prend une masse de glace, A la 
temperature 32% dece thermométre, et qu’on la méle A une 
masse égale d’eau a 170°, lorsque Ja glace sera fondue, on 
aura la masse totaleen eau A 32°. De Luc. } 
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consequently quit its residence in the metallic 
body. . 

When it is said that one body abstracts elec- 
tricity from another, it is not to be understood 
that this is effected by any peculiar power in the 
body receiving it. On the other hand, it is to be 
explained by the common principle of all bodies 
moving in the direction m which they meet with 
the least resistance. 

Thus air, which is disseminated denndith water, 
becomes so by the general pressing force. When 
water, freed from air, is exposed to the atmo= 
sphere, it is pressed upon by the aerial mass, 
and, in consequence of this pressure, a certain 
quantity of air is foreed in, and is merely re- 
tained there by the resistance of the surrounding 
air. If the density of the surrounding air be in-. 
creased, more air will be forced into the water. 
As the surrounding air is diminished, it will be-, 
come diminished in its density, and the air pre- 
viously forced into the water will now pass out, 
until the quantity in the water is exactly coun- 
teracted by the pressure without. When water 


is placed in an exhausted receiver, air escapes, 7 


- because the pressing force which kept the air 

in the water is now removed. 
It is the same with caloric, of which all bodies 
contain a certain quantity, , and this quantity is 
; regulated 
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regulated by the combined circumstances of the 
disposition to receive it, and the pressing force. 
This may be illustrated by the example of sul- 
phuric acid and water: supposing equal bulks of 
these fluids, each of them will contain‘a greater 
quantity of caloric than the same bulk of air. 
The air admitting of a certain quantity only, its 
resistance to the admission of more, is a precise 
counterbalance to the water. When the water 
and the acid are mixed together, the disposition 
to retain caloric becomes diminished ; and al- 
though, prior to the admixture, they were in a 
balance with air, yet afterwards, by this change 
of disposition, caloric will be evolved, until a 
balance is again restored. 

These are the necessary circumstances arising 
from a general plenum, all these phenomena being 
merely dependent upon a change of place*. 


| Thus 


* Ifthe idea of a vacuum should be entertained, what diffi- 
culties would attend the explanation of the apparent exhaustion 
of a pneumatic receiver. Let us suppose that in a receiver con« 
taining ten cubic inches of air, the capacity of the exhausting 
syringe be equal to 10: upon the first exhaustion it must ap- 
‘pear evident that the air under the receiver will only be of one 
half of its original density ; and as the quantities taken away 
at any number of successive terms, will form a geometric series, 
consequently the whole. can never be exhausted. We might 
thus express it by symbols: Let a be the capacity of the sy- 
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Thus a ball of glass, or of any metallic sub- 
stance, may be in contact, without any disturb- 
ance, 


ringe, i that of the receiver: after every exhaustion, the quan- 
tity of air extracted is to the quantity before, as ais to a--0. 
No one can be Jed to suppose, that after the first exhaustion, 
the remaining five cubic inches of air in the receiver will oc- 
-éupy 2 part only of its capacity, and retain their original density, 
On the contrary, we well know from the barometrical gauge, 


that in this state the air is only adequate to the support of half the 
mercurial column it before supported: if we suppose the rare- 
fied air to occupy the whole space of the receiver, by virtue of @ 
some expansive power, some energixing principle of elasticity, bi! 
how loosely formed must we deem the constituent particles of % 
air, to suppose in them a capability of being so easily expanded ; 
and contracted into spaces so greatly different. 

Newvron, although an advocate for this abstruse doctrine, has 4 
thus observed : “ Causas rerum nuturalium non ‘plures admitte 4 
debere, quamque & vera sint et earum phenomenis explicandis 4 
sufficitunt.” ‘To support such a theory after the manner of 2 
BoxLe or a Newron, what an infinite number of causes must © ‘ 
we suppose, what a complicated system must we form, so con- ; 
trary to the simplicity Nature herself adopts ! 3 

In every operation of Nature, there is some alteration in 
bulk j ‘nthe matter concerned. ‘To suppose the augmentation ¥ 
or diminution effe4ed by such a change in the constituent par=- ‘ : 
ticles, would be an hypothesis involving more difficulties than a 
those attendant on the occult qualities of the Aristotelian philo= % 


a 


sophy. “ee 
Let us consider the atmosphere, formed of aerial particles, 
of caloric, electricity, magnetism, light, and other extra 
neous 5 matter, casually diffused through the air, as being unis 
yersally 
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ance, as to the electricity, taking place. The 
glass, from some arrangement in its constituent 
me, : . parts, 


versally full, and upon this principle refle&t on the nature of a 
pneumatic exhaustion. 

As air cannot permeate a glass receiver, this fluid may be 
drawn out. In such a case every exhaustion of air from within, 
when thrown into the general atmospheric mass, must necese 
sarily occupy a certain space; and, as we have supposed a 
plenum without, unless an adequate bulk of matter enters into 
the receiver, the resistance to exhaustion will combat every 
eee effort. 

‘The matter which enters into the receiver must be something 
more minute than air, as it must pass into it through. such 
media as preclude the admission of air, It is well known that 
caloric, electricity, magnetism, and light, will penetrate sub- 
stances impermeable to air. If therefore an adequate bulk of 
any of these enters into the receiver, an equal space is left for 
the air thrown into the general mass. | 
_ In pneumatic exhaustions, the thermometrical experiment de- 
monstrates that caloric enters into the receiver, which is as 
full after the air is withdrawn as before, because, in lieu of air, 
the same bulk of caloric, &c. passesin. The caloric within- 
side the receiver being by no means a counteraéting pressure 
to the air without, like water diffused in the vascular ramifica- 
tions of sponge, passes through on the slightest pressure in 
every direction. 

Ass the receiver is surrounded by a fluid which cannot enter 
in, it will be acted upon in proportion to its extent of surface, 

. Hence may be easily deduced that any portion of air, how= 
ever small, if of equal density with the surrounding air, will be 
€qual to the atmospheric pressure. Hetsiore the elasticity of 

a a | air 
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parts, resists the admission of any of this prin- 
ciple. When, by attrition, a change is induced 
on its surface, the resistance to the admission of 
electricity becomes diminished, and will then re- 
ceive some from the surrounding air or the me- 
tallic substance, or any conductor of electricity 
to which it may be exposed. From_ the sur 
rounding air it would receive so comparatively 
small a quantity, as not to evince any electrical 
signs, if the attrition should take place without 
the connexion of a conducting body. 

When the frifion of an insulated rubber is 
applied to a piece of glass, unless a portion of 
‘the rubber is a conductor, no signs of eleciricity 
-avill be manifested. ‘This change induced upon 
the surface of glass, extends to so small a depth, 
perhaps not the rss part of an inch, that, im- 
mediately on the rubber being removed, the 
electricity it received while under the rubbing 
action, 1s given out to the surrounding air, which 
being also an imperfect condudtor, the electricity 
is not instahtaneously communicated, but hovers 


air is equal to the pressure, which is in the compound ratio of 
the quantum of calorie and aerial particles. 

The moment a previously exhausted receiver is exposed to 
the atmosphere, the air rushes in with a violence in propor~ 
tion to.the surrounding pressure, and, meeting in the point of 


communication with a less resistance, moves forwards wifh a 


yelocity adequate to the pressure in cyery other part. 
| ‘ ae he over 
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ever the surface of the glass, till it is ultimately © 
removed by successive portions of air. 

When a plate of glass is excited by a rubber 
en one side, pith-balis are no ways agitated by 
being applied to a part of the glass dire&tly oppo- 
site to the rabber. The moment this part is disen- 
gaged from the rubber, then the dire@ly opposite 
portion will disturb the pith-balls, by the state of 
electricity which is necessarily reverse to itself, 

On this principle we may easily explain the 
reason why a small cylinder or plate, with its 
proper sized rubber, will not produce the same 
quantity of electricity as a proper sized rubber 
on a larger cylinder or plate, although it be so 
revolved as that equal surfaces shall be rubbed in 
equal times. Let us suppose the rubbed surface 
of the smaller cylinder or plate to be thirty 
inches, and that of the larger sixty inches. Now, 
in order that the surfaces rubbed in equal times . 
may be equal, there must be two revolutions “y 
the smaller to one of the larger ; and thus every 
ich of one machine will be rubbed twice to every 
inch of the other. Consequently, the same time 
will not be allowed to every distin& portion of 
the rubbed surface to be restored to the state 
required to admit of the sever degree of ex- 
citement. ; 

If the change be homie leit on temperature, 
when the surface of the glass is small, every part 

PPO O | es passde 
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passes so quickly under the rubber, that the difs ~ 
ference between the temperature under the rub- ~ 
ber and the other parts of the glass becomes less, ih 
and hence less quantities of electricity are pro~ ay 
duced than when there is a larger surface. a 

It is owing to this, that in dry frosty weather, 


electrical machines are the most powerfully ex- 


cited: the quicker the glass, after passing under q 
the rubber, recovers its original non-condu@ing 
state, the more perfedtly it gives out the eledtri- ? 
city it receives in the instant of rubbing. q 
In dry warm weather, the temperature of the — 
glass becoming greater than in winter, will not — 
allow of equal changes. | 
Glass, when rubbed, should undersh equal — 
aGiions in every part: it is therefore necessary 
that it should be in as homogeneous a state as_ 
possible, Those cylinders are the best, which 
,are formed of the metal in the middle of the” 
glass-pit, which is more completely fused: at 
the glass-houses they generally contrive to have. 
a sufficient quantity in the pit for the week’s 
consumption. In such a case, a cylinder blown. 
in the middle of the week, has frequently been 
found superior to one blown at the commence- 
ment or at the end of the week. 
The perfection of the annealing or subse | 
quent baking process, does not so much influence. 
the eek of the io rey as the above. ‘The 
latter 
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latter process bringing the constituent particles 
of glass into a nearer state of approximation, it 
is rendered less liable to be broken by any tremu- 
tous or vibrating motion. 

Glass, in its most perfect non-conducting state, 
appears to contain a small portion of eleCricity, 
from being inferior in its non-conducting power 
to Venetian tale. According to the foregoing 
‘principles, it must possess some electricity. | 

The advantages derived from the excitation of 
glass by mercurial amalgams. appear to be two- 
fold. The cushion and glass are not only in more 
“perfect contact, but a metallic substance being 
brought in immediate conta@ with the rubbed 
part, renders the pressing force greater, and al- 
lows of a ready transmission of electricity to the 


glass *, 
We 


_ * After various trials of different amalgams, I have found the 
following preparation to be the best: Three ounces of zinc, two 
‘ounces of tin, and one pound and a half of mercury ; the zinc 
and tin should be melted and poured upon the mercury, 
placed either in a mortar or in a thick wooden box well chalked 
‘within side, to prevent it being burned by the fused metals, and 
then well agitated. In this state the amalgam should be pre- 
served ; and only so much occasionally prepared with hog’s 
lard as may be required for use. When it is to be applied to 
the rubber, it should be finely powdered, and sifted through a 
piece of fine muslin, otherwise the glass will be scratched. 

2 take a quantity of hog’s lard w hich has been boiled at 
. re gaan ek he least 
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We are in possession of no metal beside mer- 
cury, which can be so arranged as to be applied 
to the cushion, Having applied to a cushion 
a series of silver leaves, I could in no way pro- 
cure an excitation similar to that produced by the 
amalgam ; the other metals employed are of no 
other service, than as they assist the reduGtion of 
the mercury, and consequently, the greater the 
proportion of mercury in the amalgam the bet- 
ter. The black dust which appears upon a 
cushion after having been used for some time, 
is the oxyde of mercury, similar to the one pro- 
duced by simple agitation or trituration: the 
cushion should always be well cleaned before a 
second application of amalgam is made. 


jeast half an hour, in order to throw off any water it may con- 
tain, and mix the smallest proportion possible of this with the 
powdered amalgam, so as to enable it to be spread upon the 
cushion. By these means an excellent amalgam is procured, 
which will require a considerable time before it will become 
oxydated. When this happens, black spots will be perceived 
on the glass; and in such a case the cushion should be well 
cleaned before any fresh amalgam is applied. If it should be 
carelessly applied over the old amalgam, the fresh applica- 
, tion will scon be destroyed. 
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ne ye ° ° 2 
The effects of eleétricity on air—Principles of 
ele&troscopes and electrometers. explained. 
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AIR, when very dry, and its sensible heat 


very low, becomes a good non-condudtor. It is 
not, however, te be deemed destitute of electri- 
cal matter* in this state, which merely bestows 

on 


* Air, when condensed in an insulated ball, gives out elec- 
tricity in the first operation, and afterwards caloric: air, when 
condensed, as soon as disengaged, abstraéts eleStricity from 
surrounding bodies. In an air-gun well charged, if a portion 
of air be discharged ina dark room, the light disengaged by the 
‘sudden abstraQtion of eletricity, renders it luminous. 

Air, in expanding, abstracts clettricity from surrounding 
bodies, and consequently the sides of mountains, in giving out 
electricity to the surrounding air, evince positive signs ; thus 
Saussgeur observed, that the higher he ascended, the greater 
were the signs of electricity he discovered. As ascending air 
abstracts heat from the mountains, the hieher we ascend the 
colder we experience the air to be, The caloric being given out 
to the portion of air which is in actual contac, this must ocea- 
sion a small current, ascending upwards in the direGtion of the 
mountain. To this cause was owing the deflexion of the plumb- 
line Dr. MaskeLeyne experienced at the mountain Scheallien, 

a. | in 
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on it a maximum of resistance, to the admission 
of a greater quantity of the fluid. When air 
becomes warm, or holds in solution any quantity 
of water, it is then a conductor ; and its capa- 
city for electricity increases in. proportion to the 
addition of. moisture and warmth. ‘Thus, in 
very wet weather, it is difficult to perform elec- 
trical experiments, there being under these cir- 
cumstances very little resistance to the equaliza- 
tion of the electrical fluid, insomuch, that any 
accumulation is prevented. 

“When the air is drv, the resistance to the 
electric fluid is in proportion to its density. As 
action and re-action are equal, so the electrical . 
fluid acts equally on the air, and is generally ac- 
cumulated to such a degree as to be equal to the 
resistance of the latter. When it exceeds this 
point, the resistance is overcome, and the equali- 
zation restored : thus air, when condensed, while 
it opposes a stronger resistance, will also admit of 
a larger accumulation of electricity. When it is 


in Perthshire, and not to any attraction of gravitation, to which 
Dr. M. attributed it. | 

Air being rarefied by the caloric it receives from the moun- 
tains, rises upwards. The cireamambient cooler air pressing 
towards the mountain, along pendulous body, surrounded by a 
medium of unequal resistance, will deviate from the perpendi- 
cular line, in that direction where it meets with the least re« 


sistance. Si 
_ sarefied, 
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rarefied, its resistance is not so powerful, and is 


overcome by a smaller quantity. 
A glass jar of 160 square inches of coated sur- 


face was found, when charged in the open air, ca- 


pable of fusing one inch and an half of lead wire 
about .2. of an inch thick. When it was placed 
under the condensing apparatus, it became capable 
of fusing a greater quantity, in proportion to the 
increase of aerial pressure. When a jar is placed 
under an exhausted receiver, the charge is dimi- 
- nished in proportion to the exhaustion. 

Were air a conductor, no ele¢trical experi- 
ments could be performed, since there could not 
be any accumulation in the one part, nor defi- 
ciency in the other. We should thus be deprived 
of all the advantages we derive from atmospheri- 
cal electricity. This principle would not in that 
case have entered into combination with water, 
when converted by the solar rays into vapour ; 
and the aqueous fluid, after having passed through 
its aerial ‘circulation, would no longer have been 
precipitated in the portions which are so con- 
ducive to vegetation. ‘There would have been a 
dull uniformity in the atmospheric regions ; and 
Nature would thus have been deprived of one of 
her most energizing agents. ‘On the contrary, 
we now see that, by this wise provision, action 
cannot take place, . without unfolding a portion 
of this enlivening eee The evaporation of 

: a drop 
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a drop of water, as well as the concourse of 
floating fields of vapour, elicit in their disturb- 
ance more or less electricity. To this showers 
owe their genial power, when they descend to 
the surface of the earth, and fall on plants which 
contain different proportions of electricity, the 
equalization producing the action which stimu- 
lates and excites vegetable life. 

On the foregoing principle, I shall psoas to 
an explanation of 


ELECTROSCOPES AND ELECTROMETERS. 


-Electroscopes are instruments constructed of 
delicate materials, so as to be influenced by very 
small portions of electricity; for instance, of fine 
flaxen or silver threads, with or without pith-balls, 
or slips of gold leaf, as they were first contrived 
by Benner. They have been improperly termed 
electrometers, but are in no respect calculated to 
measure the intensity of electricity. They merely 
shew, by their disturbance, the presence of small 
portions of electricity, as is indeed implied by the 
word eleétroscope. For the adoption of this 
word, we are, I think, indebted to the very inge- 
mous Beccaria. 

Electrometers are instruments which in some 
degree indicate the intensity of electricity, by 
measuring the striking distance through a. plate 

. - ae of 


ELECTROMETERS EXPLAINED. 237 


of air. They are therefore only employed in very 
sensible accumulations of electricity. The elec- 
trometers of Lange, Brookes, and CuTHBERTSON, 
are of this kind. 

It is well known to eletricians, that an excited 
glass tube, or a stick of sealing-wax, applied near 
suspended pith-balls, will make them diverge. 
When they are rendered diverging by the excited 
glass tube, on the application of an excited resi- 
nous body, the separation between the balls will 
be destroyed, and they will be brought into the 
state they were in before they were disturbed. 
If both the excited bodies be applied to the pith- 
balls at one and the same time, no sensible ac- 
tion will be induced. Their states being differ- 
ent, they counteract each other. Du Faye, who 
first observed this, supposed there were two dif- 
ferent kinds of electricity, contrary to each other: 
the one he termed vitreous, and the other resi- 
nous. As these states appeared to Dr. Frankiin 
to be entirely owing to the bodies having more 
or less than their natural quantity of electric 
fluid, he changed the terms, as before observed, 
_ to positive and negative. 

‘The separation of the pith-balls, eas from 
positive or negative electricity, 1s occasioned by 
the re-action of the portion of air between the 


balls, being greater than bs one which is pro- 
3 duced 
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duced by any portion of air surrounding the balls 
in any other direction. 

The action. and re-action of air and cheinman 
are evident in a variety of instances. Thus, in 
the experiment of the electrical fly, the elec- 
tricity pouring forth from the points, m order 
to equalize itself, meets with a resistance in the 
surrounding air; and the air, re-acting on the 
electricity, produces the retrograde motion of the 
fly. When the fly is placed in-an exhausted re- 
ceiver, no such motion is induced. 

If the rods of the universal discharger be ar- 
ranged with a jar while it is charged, and if, 
between these rods, a lighted taper be placed, 
the current of electricity flows from the positive 
to the negative, and m that direction the flame 
is blown. 

If a candle be held to a ball of a conductor, 
positively charged, it will not be sensibly warm- 
ed; but if it be applied in a similar way to a ne- 
gative ball, it will be considerably heated*. 

If a light, suspended, elastic body, for instance, 
a glass bubble, 4 (vide Fig.1, Plate III.) be placed 
near an excited conductor M, although the light 
» body be an eledtric, yet it will be thrown into 


_ * This experiment was communicated to me by the inges 
nious Mr, CUTHEERTSON, 
motion 


ate 


plate of air between the two balls. From what 
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‘motion by the re-action of the surrounding air, 
and consequently impelled towards the conductor 
M. It is at first observed to move in the nearest 
direction, suppose f; and as, in consequence of its 
being a pendulous body, it cannot strike upon a 
sphere in a perpendicular direction, it will there- 
fore be reflected in an angle equal to the incident 
angle, and will necessarily describe a series of 
eurves. 

When an excited glass tube is applied to an 
electroscope, (vide fig. 2, Platelll.), the pith-balls 
will be influenced, and will participate of the 
positive state. In their quiescent state, they 
were in a precise balance with the surrounding 
air; but in consequence of this increase, they 
will give out the electric fluid to the surrounding 
air, until an equalization is restored. When the 
air is very dry, the communication is, on account 
of its resistance, so slow, that the pith-balls will 
continue a long time separated. 

. The pith-balls, when in a state of surcharge as 
to the surrounding air, will give it out in every 
direction, the air radiating in every direction 
around the balls. 

Let a, b, (Fig. 2), represent the two pith-balls, 
and the dotted lines the radiating direction. of 
the electricity passing from the balls to the sur- 
rounding air. Let e f represent the portion or 
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has been previously remarked, the re-action of 
air to electricity has been manifested; and the 
portion of air between the two balls must in this 
case remain stationary, from being acted upon 
by equal portions of electricity on the opposing 
sides. 

Supposing the electricity which emanates from 
a pith-ball to act upon the plate of air ef, or o p, 
with a force equal to 4, as action and re-aCtion 
are equal, this will be a measure of the re-action 
of the air, therefore the sums of the re-action of 
the plates of air rt, o p, will be expressed by 
A-+4; the re-action of the plate of air e f with 
respect to the ball 2, will be 4++4 viz. its re-ac- 
tion, and the force with which it is impelled by a. 
It will be the same with respect to the ball a, which 
will be re-acted upon by a force equal to4-++4; the 
exterior resistance to the two balls will be equal 
to 8, while the resistance from the plate between 
will be equal to 16, as the balls will necessarily 
move in the dire&tion in which they meet with 
the least resistance, they will diverge*. 


* The result will be the same, if we suppose that the contrary 
actions a 4, on the plate of air c f, destroy each other. The 
_Fe-action will then be equal to 8. But the re-actions of the 
plates of air o p, r t, will be each counteracted by the eleétri- 
city from the balls, and therefore the balls will diverge with a 
power in proportion to the intensity of the ele¢tricity.- On this 
account Beccarta proposed the contrivance in question, as an 
accurate measure of small portions of eleétricity, 


When 
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When an excited resinous body is applied, it 
is, with respect to its electricity, in a state of de- 
ficiency, and consequently the electricity, in con- 
ducting bodies with which it is in contact, will 
flow towards it in order to equalize itself. The 
pith-balls communicating with the resinous body, 
will lose a portion of their natural quantity of | 
electricity, and consequently will be in a negative 
State. , , 
In this case the pith-balls possess:a less portion 
of electricity than is necessary to balance the 
electricity of the surrounding air. In the equali- 
zation, electricity will pass from the surrounding 
air, in converging streams towards the balls, so 
that the dotted lines in Fig. 2, will express the 
direction in this case as well as in the former. 

In this case, the re-alion must be precisely 
the same as before; and, whether electricity 
passes from the balls or towards the balls, the 
resistance will be exactly the same. Whatever 
may be its tendency to pass from the air to the 
pith-balls, the re-action will be in proportion to 
the resistance it meets with in its passage. Every 
particle of electricity which is given out will re-a& 
on the air, the same as a cannon ball produces 
the re-action or the recoil of the cannon. 

In this case, as in the former, it must appear 
evident that the air placed between the two pith- 
balls will have double the recoiling or re-atling 
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power to what the air will have in any other di- 


rection, and consequently that, upon these prin | 


ciples, the balls will diverge. 

The eleGrometer of Curugertson unites all 
the advantages of Henney’s quadrant electro- 
meter, Lanr’s electrometer, and Brooxss’s*. 
to In Bigs 8,8 representation of this may be seen. 
The balls C D. are connected with the inside of 
the jar, and B with the outside; A E C isa 
balance moving on the centre E.; F.is the qua- 
drant electrometer, which determines, by its di- 
vergency, whether. the jar and the prime con- 
ductor are of equal intensity. 

In the ball C there is a bala to let in the pin i 
by which means the end. C is kept close to, D, 
or else a ring of a known weight slides on the 
rod E. C, and its distance from the. centre E, 
becomes a measurer of the intensity. 


When a jar is charged, the ball € rises as 1 
wards, and the ball A strikes B, which, commu- | 


tig 

* A more minute description of this may be seen in a very 
ingenious Dissertation of Mr. Curupzrtson, in Mr. Nicuot- 
son’s valuable Journal, vol. ii. p. 526. . 

A very ingenious philosopher, Mr. Lawson, has made con- 
siderable improvements in Brooxes’s electrometer, which, as 
well as Curngerrson’s, discharges batteries by its own ac- 
tion. For further particulars, reference may be had to Mr. 
Titiocs’s excellent Philosophical Magazine, vol. ii. p. 251. 

nicating 
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nicating with the outside of the j jar, produces the 
discharge. 

When the jar is charged, ‘Mr, Curisertsox 
observes, that the two balls D and C repel each 
other, msomuch that the descent. of A is occa- 
sioned by the repulsion between D and C. 

With due deference to the opinion of this 
eminent electrician, the explanation given does 
not appear to me satisfactory : we are only told, 
that when the two balls contain a surcharge of 
electricity, they separate; but the cause of the 
separation is not pointed out. If the ascension 
of the ball C:were to depend solely on the re- 
pulsion of the ball D,it must appear evident that 
the distance between A and B would occasion no 
difference. 

It is said that B attracts A, because B is con- 
nected with the negative Bitle: oF ig jar, and is 4 
contrary state to A. | | 

These terms of attracti¢n and repulsion rely 
express the state of action, but do not explainany 
of the phenoména. Into such difficulties we are 
necessarily led, when we attribute certain powers 
to inanimate matter, by supposing its capacity to 
aét beyond the point where it rarely exists. 

I am persuaded that the explanation of this 
instrument will be attended with no difhiculty, 
upon the principles already laid: down. 

From what has been observed, it will be evident 

oe ae 2 | that 
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that the balance AEC is positive with respe& to 
electricity. The ball C, connected with the ball 
D, as well as with the inside of the jar, cannot un- 
load itself of any of its eleCtricity.. The ball A parti- 
cipates of the same intensity. Being in a more ba- 
lanced state than the surrounding air, it aéts upon 
that fluid, and is re-acted on by it. ‘The portion 


of air which lies between A and B, being acted — 
upon in the same manner, in order to receive the — 


electricity from A, gives out a portion to B; and 
in consequence of the air thus unloading itself, 
the action of the electricity from A upon it be- 
comes less. ‘The re-action in that direCtion ‘be- 
ing less than in any other, the ball A becomes 
pressed on all sides, but least so in the direction 
AB; A will therefore descend towards B. 


If the intensity be measured by the distance © 
between A and B, or by an increase of weight on — 
the other arm EC, it will be found to depend — 


upon the same principles. 


The gold-leaf eleéroscope of Mr. Bayne — 
possesses great sensibility ; and, by the improve- — 
ment of Mg Pespys, whose scientific acquire- 
ments are so well known, by which the coatings 
are rendered moveable, very small portions of — 
electricity are discernable. ‘The instrument is so_ 
delicately constructed, as to be readily destroyed. — 
_ Even in drying the outside of.the glass, so great — 
a disturbance of the fluid will be occasioned, that — 
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the leaves will be determined to the glass, and 
adhere so as not to be removed without being 
torn. An extremely fine silver thread, prepared 
after the manner of Mr. Reap, or the minutest 
thread that can be drawn out of a bundle of very 
fine flax, with a little isinglass glue applied 
gently over it with the finger and thumb, when 
cut into proper sizes, forms a very excellent 
eleCtroscope. 


Be. Po: Pie Ay, 
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CHAP. XXI. 


The influence of points on electricity explained—~ j 
Different states of electricity exhibited by an in- © 
sulated conductor — The electrophorus explained. a 


MR. HOPKINSON, one of the Pennsylvanian — 
experimentalists, having conjectured that, by the © 
means of points, he could concentrate the elec- | 
tric fluid, and thus produce a more powerful. 
spark, was surprized to find little or no effect 
produced. Dr. FRANKLIN, who at first supposed 7 
that this might depend on the attraction being — 
in proportion to the surfaces, at length confessed, 
with his wonted ingenuousness, that although 
this explanation was the best he could offer, he. 
did not think it satisfactory. 

Voura and other electricians, have supposed 
points to be coatings to an infinitely small plate 
of air. Upon the preceding principles the hea 1 
of points admits of an easy solution. 

Any conducting substance in a positive, stata 
of electricity, will a€t as a centre to the circum 
ambient aerial portions which will recede in con- _ 
centric circles. A conductor whose surface is 
large, will require a power to disturb or displace: 

) : ide tel 
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its own Athan in proportion to its extent of 
surface. 

Let B (Fig. 4, Pie Ill.) represent a charged 
condu¢étor, and C the surrounding electrical at= 
mosphere. If the brass ball E be applied at m, 
it will just be in conta& with the electrical atmoz 
sphere, touching it merely in a point. Now, 
suppose the three dots 1, 2, 3, to represent three - 
contiguous particles of electricity ; and the par-- 
ticle 2, to be the only one acted upon by the 
electrical atmosphere: in this case ‘the resist - 
ance of the particle 2 to any motion; will be 
greater than the action of a particle of electricity 
in the confines of -the «electrical atmosphiere ; 
seeing that the above particle 2, when disturbed; 
will itself a&t equally all round, and will therefore 
disturb the cofitiguous particles 1,3, &c. To 
enable the electricity of the ball to communicate 
a spark from the conductor, it must be placed 
within the atmosphere, as at 7. 

- If a pointed bodv D, be placed just within the 
verge of the eleAtical atmosphére, as at O, and if 
we suppose 1,2, 3,4, 5,6, to represent the di- 
rection of the electricity; at the extreme point 
only a solitary particle will exist, and the 
remaining portion will be in a right line with the 
direGtion of the impelling power. In this case 
the résistance will be overcome as soon as the 
poirit enters into the meee of the absentia 
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of the sphere formed round the conducting body: 
one of the particles being removed, another will 
succeed, and thus the point will silently steal 
away the fluid. 

The conductor B, when chase, possessing 
more electricity than the surrounding air, will — 
give out a quantity of it, until an equilibrium is — 
restored. The density of the electricity will be 
the greatest in the part contiguous to the sur- 
face of the conductor ; and in receding from it, 
its intensity will be not only diminished, but 
also weakened in its adction, by the sive: 
resistance of the surrounding air. | 

To give motion to the natural electricity of — 
the brass ball, it must be placed sufficiently with- 
in the sphere of ele“iricity surrounding the con- — 
ductor, as to be enabled to acquire a due degree of — 
intensity ; and the larger the ball, the nearer it _ 
must be stationed to the condudor. It is well — 
known, that when a long spark is required, a_ 
small ball is employed; but that, if the spark 1 is | 
to be dense, a large ball is necessary.. 

A point, comparatively speaking, has at its ex- _ 
tremity the resistance only of a solitary particle — 
to be overcome. If, therefore, it be placed in j 
the verge of the circumference of the eleétrical 7 
atmosphere, it will slowly and silently steal away 7 
the fluid. ‘The ingenious Brccaria: has ob- 7 
served, that two needles, expoesd to a charged © 

jar, 
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jar, would free it of its eletricity in half the time 
that would be required by a single needle. 

As the density of the spark is diminished in 
the inverted proportion of the surface exposed, 
a point only exhibits a kind of luminous star just 
at its extremity. | 

A pointed body being projected from the con- 


~ ductor, the electricity likewise passes with an in- 


A 


creased facility to the surrounding atmosphere, 
and exhibits a ramified appearance in the form of 
a brush of light. | 

I shall now consider the different states of 
electricity exhibited by an insulated condudior, 
when one of its extremities is placed within the 


influence of the prime condu<tor. 


Supposing AB, CD, (fig.. 5), to be two me- 


tallic cylinders, placed in a right line with each 


other, and insulated; then AB, which will con- 
stitute a part of the prime conductor of the ma- 
chine, will, upon excitation, be in a state of sur- 
charge with the surrounding air. If the insu- 
lated conductor CD be placed in the same right 
line as AB, and the end C brought within the 


’ eleCtrical atmosphere of the end B, a disturbance 


will take place in the natural electricity of the 

conductor CD, the end C exhibiting negative 

signs of electricity, and the end D positive signs. 
If the conductors were to be in contact, there 
would then not be any unequal portions in CD. 
- The 
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The surcharge in AB would equalize itself with 
CD; when the connexion is destroyed by the 
intervening and sutrounding air, the ingress of 
ele@ricity to C D becomes proportionately re- 
sisted. In this case the aerial portion between 
B and.C, being acted on by the surcharge of 
electricity from B, parts with a portion of. its 
own electricity to C, meeting in that direction 
with less resistance. The air being thus freed of 
a portion of its own ele¢tricity, and receiving it 
at the same instant from B, the natural elece 
tricity of the conductor is impelled in the direc- 
tion from C to D, the impelling force beiig in 
proportion to the intensity on A B. 

Presuming this to be a very important part of 
electricity, upon which many phenomena of gal- 


vanism seem to depend, I shall endeavour to 
illustrate my meaning, by substituting water for 


electricity. 
Let us suppose that AB CD (Fig. 6); isa evliti 
der containing water in the portions AB, CD; and 
that there is not any direct communication beé- 


tween the water contained in each of the portions, | 


which are separated by means of the pistons 2, 0, 
connected together by the rod m. Now, let 
a,b,c, d, be small pipes communicating into the 


cylinder CD. Neither of the cylinders is to. | 


be supposed full, or to have its maximuin of 
charge. ‘The pistons , and o, being pressed 


SI 
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upon by equal quantities of water, will remain 
stationary. If an additional quantity of water be 
forced into the cylinder AB, its action upon the 
piston x will drive it forward, as it will also the 
piston 0;-to which it is connected, towards p. 
The water in the cylinder CD being thus un- 
pelled, will pass out of the tubes c,d, while the 
tubes a, 4, will readily receive more water than 
before: a,b, are negative, and c, d, positive, with 
respect to water. By substituting electricity for 
water; and considering the space between the 
pistons , 0, as the intervening plate of air, the 
reason will be evident why the end C should ex- 
hibit negative signs of electricity, and the end D 
positive signs. Eleétricity, to be disturbed, re- 
quires a certain power. It is not moved without 
some resistance, and when once thrown into 
motion, possesses no powers in itself to return 
again: to its pristine state. It will therefore, for 
a certain period, remain in a state of accumula- 
tion; or rather retain its tendency to persevere 
in the motion given. Let us suppose a particle 
of water to be driven forward in a capillary tube. 
If, after it, a succession of watery particles are 
thus impelled, an accumulation of motion is 
aceasioned in the former, which may be com- 
pared to that induced on pendulous bodies. Ifa 
heavy pendulum requires a certain power to put 

? it 


252 VARIOUS ELECTRICAL 


it into motion, and if, at equal returns, the same 
power be applied, the pendulum will describe 
larger and larger arches, retaining the original 
impulsion, and accumulating all the subsequent 
motions. | 
Some idea of the motion induced on the 
electricity contained in the surrounding air, may 
be formed from the circumstance of the disturb- 
ance produced in an eleétroscope by the remote 
application of an excited glass rod. The latter, 
when at the distance of five or six feet from a 


sensible electroscope, will occasion a divergence. | 


Upon the removal of the rod to a greater dis- 
tance, the gold leaves, or pith-balls, do not retain 
any state of electricity, but return to their natural 
state. By moving the rod backwards and for- 


wards, the balls play accordingly, diverging and _ 


converging. As yet, however, the disturbance 
induced on the electricity in the surrounding air, 
communicated more sensibly through the elecro- 
scope, only occasions a wave-like motion in the 
electric fluid, without producing any permanent 


change, which cannot take place until the glass rod 


be brought so near as to have imparted a portion of 
its superfluous quantity. This experiment evinces 


the facility with which the electricity in the sur-— 


rounding air is disturbed. Consequently any por- 


tion of air, under the influence of an eleGrical 


charge, 
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charge, will easily part with its natural electricity, 
if in contact with any good commucHing sub- 
Stance. 

I shall now apply the above principles to. the 
explanation of 


THE ELECTROPHORUS. 


This curious and simple instrument was invented 
by the celebrated Votra, Professor at Como. It 
consists of a round metallic plate, called by Voura, 
scudo, and a plate covered with a resinous sub- 
stance. ‘The scudo has an insulating handle. 
When the resinous cake is slightly rubbed by 
means of a hare or rabbit-skin, and the scudo 
applied to it, connected at the same time by any 
conducting substance with the ground, upon sud- 
denly breaking the connexion, and raising the 
scudo by the insulating handle, several curious 
effects will arise. ist, A spark will strike to any 
conducting body brought near the scudo. 2d, 
The scudo is always in an opposite state to that 
of the excited plate. 3d, These effects are re- 
peated without any fresh excitations. 

This forms a very simple, and almost perpetual 
electrical machine, in very dry, frosty weather. 
When once excited, the excitation will continue 
very sensibly for the space of two or three weeks. 
Upon this prineipie SAC TENBURE, constructed an 

| —electro- | 
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electrophorus of an oval form, about 7 feet by 9. 
All the excitation required, consists in gently 
rubbing: it with a fox’s tail; the metallic scudo, 
when of this magnitude, is raised up by pullies, 
and the striking distance is so great, as to pass 
through 18 inches of air, the intensity being at 
the same time such as to possess all the powers 
of a large battery. 

The composition employed by LicHTENBURG 
for his resinous cake, consists of 40 parts of 
resin; 4 parts of yellow re and 1 part of lamp- 
black. a 
Mr. Nrcuorson, in his justly-esteemed Journal, 
conjectures the aftion of the eleétrophorus to de- 
pend on the compensation of the two eleétrici- 
ties. He supposes the eletricity to be generated 
by the excitation of the electric, and to exist 
there in a state of superfluousness, insomuch 
that what is given out by the scudo, is what has 
been received from: the electric. It is with ex 
treme diffidence that I presume to differ in opi+ 
nion with the above gentleman, for whose supe- 
rior talents, and well-established philosophical 
reputation, no one can entertain a higher respect a 
than i inl * 7 


it 


* Dr. Yours, in_his Philosophical Syllabus, says, that the 
eleG@rophorus is employed to induce a state of eleftricity in 
another 
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It appears to me, that the explanation of the 
electrophorus is very simple, upon the principles 
I have thus advanced; and as the application of 
them to every electrical phenomenon is so very 
easy, 1 should hope it is a presumptive proof of 
their probability. | 

When a resinous substance is excited, negative 


~~. 


another body. The partial redundancy or deficiency of tlie 
second body being communicated to a reservoir, a temporary 
equilibrium is produced, which is succeeded respectively by a 
deficiency or redundancy when the two bodies are separated. 
This may be easily supplied from the earth, and the operation 
may be continued at pleasure. If I understand. Dr. Youne 
right, by the second body he means. the scudo ; if so, the term 
partial redundancy or deficiency applied to it, does not appear 
to be correct, the charge being induced on the clectrophorus, 
and not on the metallic plate. An objeftion may also be made 
to Dr, Youne’s ideas relative to the condenser of eleétricity. 
A plate of air being interposed between the two metals, when 
the ele@ricity of one of them becomes disturbed, and deter- 
mined in any particular direfion, the repeated: appl ication of 
small quantities of eleCtricity, occasions a change in the air si- 
milar to that of a Leyden phial ; and, as happens in the case. of 
the latter, one side cannot give out any signs of eledtricity, 
~ unless the other be equally affected. It is not until the. sepa-+ 
ration of the plates, that the accumulated mass produces: evi- 
dent disturbanees. of thé eleGtroscope. 
What Dr, Young means by the excitation of ele& Ricity by 
friction, aided by chemical aGion, I. do not understand; 


signs 
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sions of electricity are always evinced. The ex- 
citement having increased its capacity for electri- 
city, it readily receives it from all those substances 
which are condufiors. When the scudo is ap- 
plied, it can only, while in an insulated state, 
part with a small quantity of the fluid; but when 
it is conneGed with a conductor communicating 
with the earth, such as the finger of the experi- 
mentalist applied to the eleGrophorus, and re- 
moved just before the scudo is elevated, then 
the ele“trical appearances occur as above Pabtiede 
larized. 

The resinous plate, in consequence of the ex- 
citement being thrown into a state adapted to the 
reception of electricity, in proportion to the change 
it has undergone, will abstract the electric fluid 
from the scudo, and from the other bodies with 
which the latter is connected. 


The metallic plate, when in contact with the 
surrounding air, would remain undisturbed, if the — 
two elediricities were in a balanced state; but if ' 
the surrounding air should acquire an increase of — 


electricity, without its capacity being increased, 
it will impart to the metal what will be necessary: 
to preserve the balance. 

Thus the metallic plate, being in contact with 4 


the elefrophorus before excitement, no changes — 
are induced, their eee capacities and the 


natural 
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natural quantities* of electricity being precisely’ 
proportionate; but if the capacity of the electro- 
phorus be increased, a current of elediricity will 
be produced, which will be in the greatest inten= 
sity in the part of the scudo in conta@ with the 
plate. When the communication is suddénly 
broken, and the scudo elevated by the insulating 
handle, then the scudo possesses more eéle¢tricity 
than the surrounding air to which it is now ex- 


we as Fw 


* It is not to be understood that they possess equal quanti- 
ties, it having been already observed that életries, as nén-con- 
duStors, contain very little of the fluid; and therefore their ré- 
sistance to the admission of any more, to be added to the little 
they may possess, is upon a precise balance with the large 
quantities of eleGtricity contained in good conduétors, added to 
their smaller resistance. This might be illustrated by a simple 
mechanical experiment, that of rendering the momenta of two 
unequal sized balls equal, A bail weighing one pound, moving 
ten times as fast as a ball of ten pounds, the two balls will, if 
in opposing directions in their concourse, entirely destroy the 
motion of each other, seeing that what the smaller ball wants 
in matter, it makes up in velocity. In the same way the 
minute quantity of electricity contained in ele&trics, added to 
the great resistance of the substance to the admission of more, 
becomes a precise balance to the great quantity in good con- 
duétors. <As eledtricity moves in the direGtion in which it 
meets with the least resistance, if, by attrition, the capacity of 
the resinous substance becomes increased for eleCtricity, or if 
the state of the arrangement which resisted the admission of 
more electricity becomes altered, in this direction the ele€tricity 
from surrounding bodies will necessarily proceed, 


» VOL. Il. Se as: Based. 


958 ELECTRICAL PHENOMENA EXPLAINED. 


posed, and will exhibit electrical phenomena im 
proportion to its intensity. 

It must appear evident that the scudo in this 
case will exhibit positive signs of electricity, while 
the electric cake will occasion the balls to diverge 
with negative electricity. When the pith-balls 
are made to diverge by the application of the 
scudo, they will, when in this state, be made to 
converge on the application of the electric plate, 
which will necessarily occasion opposite degrees 
of electricity. | 

Mr. Bewiey, and my respected friend Mr. 
Rei, have communicated very ingenious papers 
upon the electrophorus. What proceeds from 
the latter gentleman upon electricity must be 
ever deemed valuable. 


ee 
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CHAP. XXII. 


Theory of the Leyden phial—Of spontaneous dis- 
charges—Uses and advantages of the metallic 
coatings explained—-Theory of the different 


electric phenomena, 


THE charging of a Leyden phial is occa= 
sioned by the imperfections of the condudting 
powef of air, and the action and re-action exist- 
ing between electricity and air. 

Lhe glass* answers no other purpose than that 


of 


* Tt has been asserted by some philosophers, that glass is per- 
_ meable by electricity ; and the Abbé Norzer fancied he had 
demonstrated this by cementing a jar with a receiver, and 
making the electricity pass through during the exhaustion. 

This circumstance Beccarta has very satisfaCtorily explained, 

He also observes that white glass, when recently blown, is not so 

imperfect a conduétor as it becomes afterwards, Dr. Prizst~ 

LEY has also noticed, that a piece of gold-leaf, being tied be- 

tween two glass tubes, one old and the other new, on sending 

a powerful charge through, the metallic sparks were more inde- 
libly impressed on the new tube than on the old, Mr. Canton 

had remarked that Florence flasks cannot be charged, owing to 

some unvitrifiable portions they contain, The attention of elec- 

ee es tricians 
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of furnishing a more perfect resistance to the 
communication between the plates of air con- 
tiguous 


tricians has been excited by the experiment of Mr. Woop of 
Cambridge, by which, it is said, the permeability of glass is 
evinced. Mr. Woop placed an electroscope on a glass plate, and 
covered the former with a glass reéeiver, in such a way as that it 
wasinevery diretion surrounded by glass. In this statean excited 
glass rod, applied at some distance from the receiver, influenced 
the eleétroscope to such a degreé, as to make it appear to Mr. 
Woop that this could not be effected without the electricity 
permeating the glass. Upon the first point of view such might 
appear a natural conclusion; but, upon varying the experiment, 
the error into which Mr. Woop fell will appear evident. If 
the electroscope be placed upon a table, and not upon a glass 
plate, and then covered with the receiver, no disturbance will 
take place; and when the apparatus is arranged after the man- 
ner of Mr. Woop, the nearer the excited glass rod is brought 
to the part of the glass plate on which the eleCtroseope stands, 


- the gteater will be the disturbance. It manst appear evident, — 


that the eleGrical communication takes place at the part of the 
plate of glass on which the receiver stood. In the case where. 
the plate of glass should not be employed, the air under the 
receiver would not be disturbed; and the communication to 
the earth would be formed in an immediate way by the table. 
This apparent permeability therefore arisés from the extended 
insulation of the receiver. 

This has been tried in another manner.—An elettroscope 


having been placed withinside a glass, which was afterwards — 


hermetically sealed, a disturbance was, notwithstanding, evi- 
dent on the apphcation of i excited tube, It is a curious cir- 
. enmstances 
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tiguous to its surface, and thus enabling greater 
changes to be induced. 

When a jar is charged, if it were possible that 
the glass should be suddenly annihilated, the same 
eleGtrical appearances would be manifested as 
before. The mode in which electricity acts upon 
air has been frequently proved; and this action 
is necessarily in proportion to its intensity. 

Let MS represent a Leyden phial (Fig.6, Plate 
IV.) insulated ona stand Q. Let it be coated to 
a on the inside, and 4 on the outside, and let N 
M express a single column of air and electricity, 
as it naturally exists on the inside, and M O a 
similar column on the outside. Now, let us ima- 
gine the triangles to represent particles of elec- 


cumstance, that glass, when once in a state of separation, can- 
not, by the usual process of sealing, by which it is softened so 
as to be capable of being drawn out, be brought into so perfec& 
-a state of union, but that eleCtricity will be enabled to pass 
through. If the glass be brought into a state of fusion, then 
the passage of electricity is completely prevented. To this 
cause is owing the curious phenomenon of the stream of light 
observed in the empty part of a thermometrical tube, when the 
bulb is exposed to sparks from the conductor, In this case the 
hermetical sealing is simply affeGted by the softening of the 
glass. That the experiment made by Mr. Woop depends upon 
the charge of air, is evident. The portion contignous to the 
surface of the glass being charged, when the excited tube is 
xemoved, and the eleétroscope in a quiescent state, on apply- 
ing the hand to the glass, a disturbance again a, takes place. 


i 


$3 ies _tneity, 
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tricity, and the circles particles of air. These are 
merely assumptions for the sake of illustration. 

Let O R be a wire, or any other conducting 
substance, which may be applied occasionally to 
the outside coating 2 O; and let P be the con- 
ducting substance, connected with the prime con- 
ductor of an electric machine. 

In their natural state, the column M N is an 


exact counterpoise to the column MO. Both 


the inside and outside of the jar, as well as all 
the space, being absolutely full, an additional 
particle of electricity cannot be forced into the 
jar, insomuch as it is necessary that it should 
occupy space. In consequence of its being at- 
tempted to be pressed in, it will act equally all 
around; and, if resisted equally in every part, the 


admission of an additional particle becomes im- 


practicable, 

From the construétion of the Leyden jar, this 
is not the case, since, on the admission of par- 
ticles of electricity, 1, 2, 3, 4, for instance, the 
resistance is less in the direction of N M O than 
in any other, and therefore a charge will take 
place. | 

This is occasioned by the column M O parting 
with its electricity at the point O, which commu- 


_nicates with the ground, through the medium of 


the conduor O R: if there should be no con- 
ducting medium, and the jar should be insulated 
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on the glass pillar Q, then the resistance in that 
direCtion, as well as in every other, will prevent 
any accumulation of electricity within the jar. 

It may be difficult to conceive, on a cursory 
view of the subject, how the addition of any elec- 
trical matter withinside the jar, should occasion 
an abstraction from the column of air on the 
outside. This may perhaps be better understood 
by the following diagram, in which other fluids 
are substituted, to the end, that the effects may 
come more immediately under our senses. 

Let ABCD (fig. 8, Plate IV.) represent a 
double glass syphon, the end A terminating n # 
vessel filled with charcoal dust. Now, supposing 
the glass tube to be filled with water and oil, the 
water will pervade the charcoal powder, but this 
will not be the case with the oil. If an addi- 
tional quantity of water be forced into the tube 
at the end D, both the oil and water will be 
pressed forwards by the force exerted at D. It 
is evident, that if at A there were no exit for any 
portion, every effort to force in more at that 
- point would be fruitless, as the charcoal powder 
at E is capable of conducting water, but not oil. 
The water in the tube A B C will be gradually 

separated from the oil, and pass through the 

vessel of charcoal E out at G. If the water be 
gtill forced in at D until it fills the tube to M, 
Oe Mak itd, See es Pea | 
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DCM will be filled with water, and ABM filled 
with oil. 
The application of this diagram to the Leyden 
phial, is, I presume, very easy. The part D of 
the tube corresponds to the wire conneGted with 
the prime conductor ; CMB to a column of air 
and electricity on the inside of the jar; B toa 
similar column on the outside; and Ei, the char- 
coal reservoir, tothe earth. By substituting elec- 
tricity for water, and air for oil, the same circum~ 
stances will precisely take place. If CBA be 
supposed a column of air and electricity ; if any 
additional quantity of eleCtricity be forced in at 
C ; and if at A, the air can unload itself of its 
natural quantity of electricity, through any con- 
ducting medium to the earth, by continuing the 
process, we shall have the column AN to consist 
of air freed from its electricity, while the column 
CM will be formed of eleétricity freed from air. 
As the column unloads itself at the point A, 
the resistance there is the least. The greater 
the distance from A, the greater is the resistance, 
which at NBM is the greatest. If the column 
NA, be greater than MC, the resistance will 
increase in proportion, until the intensity of 
electricity in the prime conductor will lose its 
influence and ascendancy, and then a charge will 
become impossible. 
M. Cavauto has observed, that a thin glass 


will 
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will receive the greatest charge ; but this is not 
correct. When we want to charge a small jar 
powerfully, we select a thick one. A thin jar, it 
is true, is more easily charged, but if the inten- 
sity of the machine be considerable, the accumu- 
lated electricity withinside the jar, acting equally 
all around, the same on the glass as on the air, 
the glass will break. 

Spontaneous discharges only oceur when the 
air about the sides of the jar is very dry. So dis- 
posed is the surface of glass to moisture, that, in 
every instance, the portion of air which is in im- 
mediate conta¢t with the glass, affords a less re- 
sistance than the other portions, in consequence 
of its proximity to a surface possessing the = 
cited quality *. 

When the other portions of air are very dry, 
the resistance being less in the direction NAM 
fig. 7, than towards the interior of the glass jar, 
the charge goes on so rapidly, that the resistance 
d MC is overcome, and the equalization re- 
stored. 

If we suppose, in the charged state, Nd to 
represent the column of electricity, without air ; 
cO the column of air without electricity, or at 
_ least gradually freed from electricity towards O; 


3s: 


_.* Glass, in its driest state, possesses a film of humidity, 
When beyond the verge of the’ coating, it meets se less 
resistance in that direction tha an in any other. 

| and 
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and ¢ Md the air and the electricity in their na- 
tural state; in this case c Md is the resistance 
‘ which prevents the two columns from equalizing 
themselves. If the column Nd_ be increased 
towards 1, the column cO will also:be increased 
towards 2, and the resistance to the equalization 
will be measured by 2M 1. If this should be no 
more than the striking distance of the machine, 
it will be broken through, and there will be a 
spontaneous discharge. “This is the direction 

which the spontaneous discharge always takes. 
It generally leaves a marked line on the surface 
of the glass from M towards 2, as if it brought 
about the de-oxydation of a portion of the lead 
in the composition of the glass. | 
When, in dry weather, a jar is thus sponta- 
neously discharged, it prevents the accumulation 
which is sometimes requisite. We are indebted 
to Mr. Curuperrson for a mode of preventing 
this, by simply breathing into the jar. About 
ten or eleven years ago. Mr. C. was. led ‘to’ 
this observation by noticing that jars, when fresh 
coated in dry weather, admitted of a greater 
charge than those which had been coated some 
time before. The difference appearing to him 
to arise from dampness, he found, that by breath- 
ing into a jar through a glass tube, it was enabled 
to retain double the mee oe of ei 8 

fluid. 

Mr, 
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Mr. NicHoxson supposes, that the surface of — 
‘clean glass may become charged in successive 
zones of the contrary eleCiricities, and that these 
zones, when they have acquired the requisite in- 
tensity, may explode into each other, and produce 
an undulation in the whole charge, which may 
favour its flight through the space or interval be- 
tween coating to coating. When the surface 
is covered with distinct insulated particles of 
moisture, the escape from particle to particle 
must be by smaller leaps, and the charge will be 
more tranquil. 

This explanation is attended with many diffi- 
culties, it being altogether hypothetical, to sup- 
pose that the inside of a jar contains on its sur- 
face different states of eleGtricity. The metal- 
lic coating is a conductor superior to water, on 
which account no undulation can arise; and the 
higher the coating, the more frequent must be 
the spontaneous discharges. 

Mr, Curnperrson supposes the breathing to 
occasion a film of humidity over the uncoated part 
of the jar, and accordingly conjectures this to be 
the reason of the increased charge. 

If this were the case, it ought to be overcome 
by the continuance of the metallic coating to the 
mouth of the jar; but this is well known to 
occasion an earlier spontaneous discharge. Mr. 
Curnpertson observes, that water not being so 


good 
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good a conductor, as any given metal, the spon- 
tancous discharge will not take place in a humid 
coating. If the uncoated part of the inside of a 
jar be moistened, we do not experience the effects 
we ought to expect from Mr. C.’s reasoning, 
since, by thus diminishing the resistance, we 
occasion a quicker spontaneous discharge. 
When we breathe into a jar, we direct our 
tube to the air about the coated. surface of the 
jar, by which means we render the air within- 
side the jar more humid. It being in this state 


a better conductor of electricity, the resistance to . 


the interior part is consequently so diminished, 


as to allow of agreat charge of electricity. That — 


the resistance to the passage of eledtricity is by 
this process diminished, is evident from there 
being no corruscations or luminous flashes ; while, 
in the dry state of the jar, the inside, a little 
before a spontaneous discharge takes place, is 
filled with lambent streams of hght. 


When a jar having a narrow neck is charged, — 


and then reversed with its neck in water, in pro- 
portion as it gradually becomes uncharged, the 
electricity is conducted by the water ; and, as a 
proof that it occupied space, the water itself will 
rise up into the jar *. | 


Let 


* All the phenomena of atmospherical electricity depend 
upon-the different aerial portions. As the capacity of the air 
| aah for 


ee as al ne en ra 


ADVANTAGES OF METALLIC COATINGS. 209 


Let me now proceed to an explanation of 
gt ‘ 


the 
METALLIC COATINGS. 


Atmospheric air being a very imperfect con- 
duor, in order to charge the portion which is 


for eleGtricity varies with its temperature, a change will take 
place as to its electricity, which, in equalizing itself, will dis- 
place the intervening portions of air ; and thus the phenomena 
of thunder and lightning will ensue. Immediately after the 
report a wind is always observed moving from the negative to 
the positive cloud. A cloud, when highly charged with elec- 
tricity, contains less in bulk of aerial particles than another 
cloud not so charged, because part of its space is occupied by 
electricity. A cloud weakly charged, and containing a greater 
proportion of air, in its equalization parts with the air, and re- 
ceives ele€tricity ; consequently the current of air must always 
be reverse to the diretion of the lightning. 

It rarely happens that in this equalization, the earth is in 
any degree concerned, When, however, the lightning strikes 
upon the earth, this is merely occasioned by the earth acting as 
a conductor between two masses of air; and this happens in 
those situations only, in which the distance between two elec- 
tric clouds is greater than the sum of the distances from those 
two clouds to the earth. : 

In the tropical regions the north-east and south-west trade- 
winds are continually determining masses of cool ait into those 
warmer latitudes. Caloric is, as well as electricity, abstraéied 
from the tropical air; and thus are occasioned those universal 
ele@trical diffusions which give the sky the appearance of being 
covered in every direGtion with one continued sheet of light- 
ning, These phenomena generally take place so high up in the 
air, as not to occasion much danger on the surface of the earth. 


conti- 
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contiguous to the surface of a glass jar, it would 
be necessary that the conducting wire should be 
moved round to every part. By spreading over 
the surface of the glass a metallic coating, which 
presents, as it were, a point to every portion of 
the plate of air contiguous to the surface of the 
jar, a communication is speedily formed. 

So considerable would be the resistance, that 
it would be impossible to charge a dry and un- 
coated jar. But if a jar be coated withinside, 
the resistance of the air on the outside, while it 
is charging, is evident from the flashes of nent 
given out. 

The coating answers the purpose of a com- 
municating medium to the surrounding air, in 
order that a charge and a discharge may be ef- 
fected with the least resistance. 

The charge of a jar neither exists in tle coat- 
ing, nor in the substance of the glass, but merely 
in that stratum of air which is contiguous to it. 
If the coatings be made moveable, and the glass 
separated from them when charged, by substi- 
tuting in their place different metallic ise 
the same discharge will take place. 

~ A jar being charged and insulated, if the hand 


be a ipcelahen to the inside, without any com-. 


munication being established with the outside, no 
discharge will ensue, neither will the charge be 
inten: the columns of electricity and air 

being 
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being balanced by their mutual resistances, the 
action of the air cannot be removed, unless that 
of the eleCtricity be also taken off. 

Some difference is experienced relative to what 
is employed as the coating medium ; and this seems 
to depend upon the conducting powers. Thus 
metal is superior to water, because it furnishes 
less resistance to the facility of communication. 

It has been observed, that in the charging of 
ajar, it is necessary that the external and inter- 
nal columns should correspond. If the column 
on the external surface should extend beyond a 
certain limit, the column on the inside will re- 
quire an additional power to overcome the resist- 
ance, and will, in a proportionate degree, abstract 
from the intensity of the machine. 

It is on this principle that the maximum of 
charge, as to the coating, is, when there is an 
exact correspondence between the metallic coat- 
ings stationed in an opposite direction to each 
other. , } 

Let AB, fig. 10, represent a section of a 
Leyden pane of glass. Now, if ab be the 
coated surface on one part or side, then dc ought 
to be the coated surface on the other side, im or- 
der to produce the greatest effect. 

Let us suppose one side coated, dc, and the 
game extent of surface le, on the other side, but 
not opposed to it. If eis the charged surface, 

: ye the 


at 
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the column 0 A, is greater than the column Ad, 
and the loss sustained in this way will be the 
quantity of electric fluid equivalent to the resist- 
ance of thé column ab, being the difference be- 
tween the two columns GA and Ad. But eB 
being less than Bc, to overcome the greater co- 
lumn, Be will require an additional power equal to 
bc, the difference between Be and Be. When 
the column, and the spaces on each side the 
coated surfaces, are equal, there is less resistance 
to overcome, or less power lost; and these spaces 
can alone be equal, when the widiacies are direCly 
opposite to each other. 

When a jar is about half an inch thick, it be- 
comes very difficult to be charged. Supposing 
AB (Fig. 9), to represent the thickness of the 
jar, it must appear evident that the thickness 
D C will oppose the same resistance as if a mo 
derate jar were placed on a glass plate of that 
thickness. . , 

The utility of the coatings is evinced by the 
remains of ele@ricity in a jar after the first dis- 
charge. This is called the residuum. The ac- 
cumulated eletricity in contact with the metallic 
coatings, is discharged at once; but this is not 


the case with the portions. of air lying on the 


uncoated surface. Although they do not contain 
an equal intensity with the former, they still suf- 


fice for a second discharge when the air is dry. 
Lhe 
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The residuum alone of the Haarlem apparatus 
made by Mr. CurHzerTson, melted two feet of 
wire*, 

From these observations, I presume to infer’ 
that all the phenomena of electricity depend on 
the surrounding air, and on the mutual action 
and re-action which subsist between them. Any 
such action or re-action is not, however, to be 
attributed to any peculiar power or influence in 
electricity or air, except what is common to all 
other bodies. 

Heat, light, and magnetism, are principles only 
evident to our senses through the effects induced 
by the different resistances they encounter. If: 
any given space were not to afford the least re- 
sistance, the passage from one part to another 
would be effected with the utmost tranquillity. 
It is, however, ordained, for the wisest and best 


of purposes, that from the various resistances 


these principles meet with, they should occasion 
those changes which are conducive to our general 
happiness. | 
Thus the different resistances which bodies, in 
their different states, furnish to heat, are pro- 


ductive to us of the greatest advantages. Water, 


# VY, Description d’une trés grandé machine electrique placé 
~~ dans le Museum de Tz ILER, Haarlem, par Martinus VAN 


Marv. ‘wes | 2 
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when gradually converted into ice, gives out 2 
great portion of heat, which mitigates, in ‘the 
animal and vegetable kingdoms, the effects that 
result from the sudden changes of temperature, 
and prevents a too rapid congelation of the wa- 
ter. So likewise, in the tropical regions, water 
raised up into vapour, abstracts a great quantity 
of heat, and thus diminishes its intensity. At 
night, it precipitates it in a gentle dew, and by 
this change of capacity, gives it out again, and 
thus preserves an uniformity in temperature. 
Thus the varying state of the atmosphere seems 
in a great measure to depend on the principle of 
electricity. Vorra and Rerp have observed a 
coincidence in the daily changes of the barome- 


ter, and the state of atmospherical electricity. , 


As the barometer is higher in the morning and 


evening than in the middle of the day, so like-. 


wise has the atmosphere, at these times, been 
observed to be more electrical. | 

~The variation in the rise of mercury, is the 
greatest in those latitudes in which the greatest 
changes in the state of ' electricity are also to be 
noticed. 

At St. Helena there is little or no variation. 
At Jamaica rarely more than .3, of an inch, At 
Naples one inch. In England 22 inches; and 
at Petersburgh three inches and one third. 

To this change of capacity which each body, 
in 
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in its alteration from one state to another, whi- 
formly undergoes, may be ascribed its peculiar 
arrangement. All bodies in a fluid state, in 
passing gradually into a solid form, assume a re- 
cular arrangement, peculiarly appropriate to each 
of them. ‘The symmetry noticeable in crystalli- 
zation is owing to the influence of electricity ; 
and thus, in the aerial regions, we oftentimes see 
the clouds assume a fleecy appearance, and shoot 
out in a crystallized manner, merely through their 
change of capacity for electricity. To this cause 
the peculiar formation of hail * is owing; and, in 
a higher change, the produdciion of snow-. 

Not 


* A remarkable instance of very large hailstones which fell 
in eset: May 18, 1680, is recorded in the posthumous 
works of Dr. Hooxs. Dr. Derruam observes, that he saw 
one which measured 13 inches in cireumference. 


+ The protection which snow affords to vegetation, is ascribed 
by Hassenrratz to a quantity of oxygen with which it is 
combined. 

Carrapori DE Prato concludes, from a variety of experi« 
ments, that the preservative quality of snow acts indire€tly as 
to vegetation, by merely preventing the effects of cold. He 
found snow-water to be so totally deprived of air, that fishes 
could not live in it. | 

Bereman remarks, that snow affords an indication of ni- 
trous acid. This may perhaps explain why shoes are so soon 
destroyed by walking on snow; seeing that, agreeably to this 
bypothesis, effeéts similar to those which result from an expo- 

Vind Bits sure 
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Not only heat will influence the capacities of 
bodies for electricity, but also light. This is. 
peculiarly observable in the fogs which are so 
frequent in London, and which rarely com- 
mence till an hour after sun-rise. As water 
cannot be preserved in a vaporific state without. 
electricity, so the disengagement of this principle 
by light, occasions these cloudy precipitations, 
which continue till the transparency is restored 
by its re-dissolution*. " 

On the influence of the same universal prin- 
ciple, eletricity, depends the production of va- 
rious atmospherical meteors. In the lower re- 
gions of the atmosphere, thunder and lightning 


sure to a very diluted solution of nitrous acid, will take place — 


on the leather. 

The celebrated Mr. CavennisuH has shewn, that azote is the 
basis of nitrous acid. Through the influence of ele@tr'city on 
a mixture of oxygenic and azotic gases, in the conversion of 
water, in a vaporific state, into snow, the sudden disengage- 
ment of electricity and heat may produce the above acid in the 
instant of congelation. If so, may not this combination be 
beneficial to different soils ?—Dr. Incrnnousz experienced 
considerable advantages from the employment of sulphuric acid 
in agricultural experiments. 

%* May not the peculiarly offensive smell] attendant on ex- 
tensive fogs, arise from the water being decomposed, and the 
nascent hydrogen so readily blended with azote, as to produce 
ammonia ? 


are 


ay 
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are produced, by a comparative accumulation or 
deficiency of eleétric matter in the floating fields 
of vapour. In the higher regions, probably in 
that part of the atmosphere where it just loses 
its property of reflecting light, and which is 
easily ascertained to be about 40 or 50* miles 
high, the little streams of light called shooting © 
stars appear. ‘That mad enthusiast, Paracéisus, 
imagined the stars to be alive ; that they ate and 
drank ; and that the falling stars were their ex- 
okdvions: Mr. Brypong observes, that when he 
was at the top of Mount A®tna, they appeared 
to him as high as when he was standing upon 
the plain. Indeed, in the case of all remote ob- 
jects, the visual powers are not capable of discri- 
minating the different distances, as the rays pro- 
ceed parallel from all of them, so, with respect 
to them, the eye preserves the same formation. 
Those which are situated in a rare part of the 
atmosphere, are only visible to us on a clear and 
fine evening, and appear straight and white. 


* This is ascertained by knowing the number of degrees the 
sun is below the horizon at the end of twilight ; the radius of 
the earth being also given. The height at which air ceases to 
reflect light is thus easily ascertained. Supposing the depres- 
sion of the sun to be 18 degrees, and allowing for the horizontal 

refraction half a degree, the height, By a simple trigonometrical 
process, will be 44 miles. 
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Still higher up, the phenomena called fire-balls 
appear ; but how they are formed, is not at pre- 
sent known. Some persons have ingeniously 
conjectured, that a supernatant stratum of hydro- 
gen gas, of diminished density, may float on the 
atmosphere, like zther on water. If, this being 
pre-supposed, in the line of union of these two 
airs, a quantity of eleCtricity should be disengaged, 
combustion would take place, and would be com- 
municated instantaneously, as it were, to the 
succeeding portions, so as to appear to us like 
one and the same ball, moving with an amazing 
velocity. In this way may, perhaps, be explained 
why balls of this description move horizontally, 
preserving nearly the same distance from the 
earth, and generally leaving a train of some miles 
behind them. That which appeared in 1783, 
was situated at a height of between 60 or 70 
miles, and travelled a thousand miles, at the rate 
of twenty miles in a moment of time, frequently 
changing its colour from a bright blue to a dusky 


red. If, however, our barometrical calculations ° 


be correct, the air in these regions must be 4000 
times rarer than on the surface of the earth ; a 
tensity that will not suffice for combustion. : 
Electricity is not only influenced by caloric 
and light, but also by magnetism. This appears 


evident from the effects observed in those beauti- 


ful luminous corruscations termed the northern 


lights, 
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lights. They were not observed in our latitudes 
prior to the 15th century *, and were first men- 
tioned by Kerter. In the 16th century Gas- 
SENDI saw them, and gave them the name of 
aurora borealis, which they now bear. ‘The great 
Dr. Hattey, when an old man, mentions with 
pleasure, that, for the first time, he then saw those 
beautiful streams. 

It has been supposed by some, that this phe- 
nomenon is thinived at in Maccabees. In Lu- 
crerivs there is a description which bears some 
little resemblance to them; but the Jrabes of 
SENECA is more particularly descriptive of this 
nature: ** Trabes non-transcurrunt nec preter- 
volant ut faces, sed commorantur et in eadem 
parti ceeli collucent.” If these were the same as 


* They were first observed, in 1574, November 14. Neo 
others, of any particular brilliancy, occurred till March 6, 1716, 
when several of them appeared for three successive nights, and 
were observed in England, Ireland, Russia and Poland; extend- 
ing nearly 30 degrees of longitude, estimating the first meridian | 
at London, and about 50 degrees of latitude. They were con- 
sequently visible all over Europe. 


+ B. ii.c. 5. “ Through all the city, for the space of 40 
days, there. were seen horsemen running in the air in clothes of 
gold, and armed with lances, like a band of soldiers, and troops 
of horsemen in array, encountering and running one against 
another, with shaking of shields, and multitude of pikes, and 
drawing of swords, and casting ai darts, and golden ornaments 
and harness,” 
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our northern lights, the very accurate observers, 
ARISTOTLE, SENECA, and Puiyy, never mentioned 
their particular direction. They might be some- 
thing similar to those lembent corruscations 
which are frequently seen in and about the Le- 
vant. Dr. Pococxe tells us, that when he was 
in the Holy Land, he and his companions saw a 
gentle light approaching towards them, encircling 
them in its luminous embrace. In receding, it 
expanded, and enlightened many acres of the 
adjacent fields. Such little streams were fre- 
quently observed attached to the masts of the 
vessel in which they sailed. The ancients, who 
were superstitious in all celestial observations, 
when only one luminous stream appeared, called 
it Helena, as emblematical of an approaching 
storm. When two were united, or playing to- 
gether, they deemed their voyage safe. These 
sociable twins they named Castor and Pollux. 

- With respect to the aurora, it happens rarely 
that its corruscations extend to 50 degrees of la- 
titude. Why it should not have been seen be- 
fore, is in some measure explicable by the obser- 
vation, that the vertex of these corruscations al- 
ways corresponds to the line im which no varia- 


tion is marked by the needle. This line varies* — 


in 


* SEBASTIAN CasorT, in: 11500, i Setar the variation of 


the magnetic needle. He sees | supposed it to differ in dif 
ferent 
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im its direction, and is supposed by Dr. Hanuey 
to perform a revolution in about 6 or 700 years. 

In 1750, Mr. Warcentin observed that the 
needle was disturbed when the corruscations were 
very brilliant. Wuricxre, Van SWINDEN, and 
Daxton, have proved in what manner magne- 
tism may be disturbed by electricity*. 

About five or six years since the northern 
lights were very visible to us. As the line, in 
which there is not any variation, is at this period 


SS a SS SEE AAS SASS 


ferent latitudes; but our countryman, Mr. GeLLepranp, first 
_ ascertained that it even varied at the same place. In 1580, 
Mr. BurrowEs observed it at Limehouse 11° 15’ Eastward.— 
Mr. Gunter, in the same place, in 1622, observed it 6° 13’ E, 
In 1661, Dr. Crome found it 45° 30” W. of the North Pole ; 
and since that period it has been gradually increasing, and is 
now about 23°; W.—On account of this variation, to ascertain 
which is of the greatest importance to mariners, an azimuth 
corapass is employed, 

* The magnetic aedination seems to undergo a diurnal va" 
riation with the state of eletricity, as compared with the baro- 
metrical change, the afternoon declination being generally dif- 
ferent-from the forenoon declination of the same day. From 
many ingenious experiments made by the celebrated Mr, 
Canton in 175Q, it was found that the declination was, in 
the course of the observations of an entire year, increased about 
10 or 12 minutes of a degree, This increase, he observed, 
happened principally in the surmmer months, the needle, during 
winter, being, in a great measure, stationary. 

. _ Vide Dr. Lonimer on Magnetism. 


over 


982 THEORY OF ELECTRIC PHENOMENA. 


over the Atlantic Ocean, and as the northern 
lights can only be seen after sun-set, that par- 
ticular part is below the horizon; and therefore 
will not be visible to us for at least 300 years*. 
Whether electricity, magnetism, or caloric, 
ever exists in a pure, uncombined state, cannot 
be ascertained. .Their various degrees of union 
will however be influenced by constant, operat- 
ing, mechanical laws. If, after the celebrated 
Erinus, we suppose that caloric, eleciricity, and 
magnetism, are three distinct principles dittering 
in their gravities; that caloric is the heaviest, 
eleCtricity the next heavy, and magnetism the 
lightest : if we consider them in this point 
of view, the following arrangement will take 
place, from the laws of centrifugal motion. 
While the earth revolves round its axis, all mat- — 
ter attached to it, whether direétly or indireétly, a 
will, by the aerial communication, participate in . 
the same motion. Matter will, when in motion, — 
have a tendency to recede from the centre in ‘ 
_ proportion to its momentum. Now, as the mo- ~ 
mentum is the quantity of matter multiplied by j 
the velocity, the substance which is the heaviest — 


* Through a telescope tube fitted up with proper dia~ 
phragms, these lights may be, however, seen in the day-time. — 
By thus preventing all lateral light, we are then enabled to dis- , 
tinguish them as clearly as any particular star, 


will 
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will occupy the most remote part. As it is evi- 


dent that the equatorial parts of the earth are 
the most remote from the axis, in this case the 
axis of the earth is to be considered as the centre 


of her diurnal motion; and. the nearer we ap- 


proach the poles, the less is our distance from 
the axis*. Upon these principles caloric being 
the heaviest, will occupy the tropical regions ; 


electricity the temperate zones ; ; and magnetism 


the polar or frigid zones. 

Such a division appears in reality to exist. 
When, therefore, in the northern regions, any 
change takes place in the capacities of any aerial 
mass, as to electricity, this principle being disen- 
gaged, will, from the laws of motion, as being 


heavier than magnetism, dispossess the latter of 


its situation, and pass on, radiating, until it ar- 
rives at a part where it is balanced by resistance. 
In passing in this magnetic direction, the vertex 
must correspond with the line of variation of the 
magnetic needle. 

Witcxu has observed, that needles acquire po-. 
Jarity by electricity. He found the South Pole 


* Supposing the circumference of the earth to be 24,000 
miles, as a revolution takes place in 24 hours, an inhabitant on 
the equator will move after the rate of 1000 miles per hour. 
In the latitude of England the motion will not be more than 
600 miles in the same time ; and at the poles it will be no- 
thing. 


to 
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to correspond with the part of the needle which 
refers to the positive communication; and the 
‘North Pole with that which refers to the nega- 
tive. Notwithstanding M. D’AuigarD contra- 
dicts this, the very ingenious Beccarra observes, 
that if we place a needle in the magnetic meri- 
dian, the extremity towards the North will be- 
come the North Pole, and the one which is di- 
rected towards the South, the South Pole, upon 
sending a powerful charge of eleétricity through 
it. When the needles were perpendicularly 
placed, he always found that the inferior extre- 
mity became the North Pole. Van Marnum, 
assed by the celebrated Van Swinpen, tried 
various experiments on watch-springs of 3, 0, 


2 


and 9 inches long, having 4 and # inch in i 
breadth, and about a line in thickness. . When q 
they were placed in the magnetic meridian, it 4 
was indifferent which end was connected with © 
the positive side of the battery, the one which i 
pointed towards the North, invariably becoming 7 
the North Pole. When they were sent through — 
a magnetised needle, placed reversed as to its q 


poles; not only the magnetic power of the needle 


became greatly diminished, but frequently the 7 
poles entirely changed. When a needle was i 
placed perpendicularly, it was invariably found 7 
that the inferior part always became the North 7 
Pole, agreeably to the PEO iment of BeccaRria. © 


A weak & 


BY 
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A weak magnet, thus situated, had its poles re~ 


versed. When the needles were placed in the. 
magnetic meridian, they did not acquire more 
force than when they were perpendicularly ele. 
vated; and a second discharge often destroyed 


the effect of the first. When the discharge was 
so powerful as to heat the metal, it was rendered 
mapfietical in a very slight degree; and when it 
was placed inthe magnetic equator, it had no 
power at all, Bzrccarta, who also tried this ex- 
periment, observes the whole of the side, through- 


out its length, became the North Pole. When 
the accumulated eletrici ty wasdischarged through | 


its breadth, the extremities acquired a greater. 
power than in any of the preceding cases; the 
western extremity becoming the North Pole, and 
the eastern the South Pole. 


On the influence of this universal principle | 


of electricity, water-spouts seem to depend. Dr, 
Stuart, who has given some excellent represen-. 
tations of water-spouts, supposes the water to 
have been drawn up by suction. Dr. Frangriy 
conjectures that a vacuum is induced by concen- 
trated currents of air, and that the water is thus 
pressed up. SENNEBIER remarks, that they occur 
so rarely as to preclude an accurate investigation 
of them. Mrcnavup has given an account of 
some curious water-spouts he observed at Nice, 

| in 
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in December 1788. On the day to which he 

refers, a very violent storm of wind arose, at~- 

tended by extreme cold. . Early in the morning 

he observed a round space of about ten or twelve 

fathoms in diameter, at the distance of a musket 
shot from the shore, in which the water seemed © 
almost disposed to boil. It moved before the 
wind towards the shore, and then overset, ufider 
the appearance of a long train of mist, and was 
speedily dissipated. At noon another fine water- 
spout appeared, so large as to suffice to cover a 
man of war of the first rate, with all her sails 
outspread. The lower part assumed the appear- 
ance of the crater of a volcano, and the water 
was elevated in parabolic streams from the centre 4 
to the circumference. While this was noticed, q 
an impetuous shower of hail took place ; upon q 
more minute examination they appeared to be q 
large flakes of snow, rounded by the wind in q 
their fall. ‘The water-spout, in moving towards 7 
the shore, gradually contracted in its dimen- j 
sions, the base being reduced to nothing when it ’ 
touched the shore, and the upper part having — 
become broader and more rare. At length the — 
whole joined the mass of clouds, in the same | 
manner as one mist incorporates with another. 4 
Water-spouts are, in general, about the size 
of the mast of a large ship. Damprer relates 7 
his — 
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his having seen one so large, that, on its pro- 
gressive motion, it passed over a ship becalmed 
on the coast of Guinea, and, having laid her on 
her broadside, carried away her fore-mast. An 
instant after, it passed to the other side and car- 
ried away her mizen-mast. It has been fre. 
quently observed, that in the dispersion of these 
water-spouts, light appears. 

From these’ circumstances it would seem that 
these columns are formed by electricity. I have 
already observed, that the capacity of air for 
electricity becomes increased by the addition of 
caloric; and it may probably happen that, under 
some circumstances, changes of temperature may 
take place in such a way, as that eleétrical co- 
lumns may be formed. If one of these columns 
should pass over the water, the same “effeGs 
would take place as if an exhausted tube were 
stationed there. Water, being a conduétor, is 
not resisted in its ascent; and hence the outer 
air will force it to the height of thirty feet, or 
until its column becomes a counterpoise to its 
pressure. ‘lhe water it contains has never been 
observed to rise higher, when the spout arrives 
at the shore. In proportion as the base of the 
‘Spout contracts, the resistance in the point of 
contact becomes the least; and when the elec- 
tricity is removed, the air, rushing in first at the 
" | By ta base, 
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base, and then upwards within the column, o¢3” 
casions the dilatation *. 

If these columns fall on a surface of the earth 
covered with non-conducting substances, such as 
the scorched sands of Arabia, the sands are them 
elevated, moving along with the wind, and con- 
stituting what are called the moving pillars of the 
desart. In those burning climes, the air is so 
dry, and at the same time insulated from the 
earth by the parched sand, that large extents of - 
eleGtric matter move almost in a pure uncom- 
bined state, appearing like a blush in the hea- 
es 

* In large water-spouts of this description, the pressure must 
be very extensive, if produced in this manner. Some idea of 
this may be conceived, when it is considered that the aerial 
pressure is equivalent to 15 lb. upon every square inch. Sup- 
posing a water-spout of six fathoms, or thirty-six feet, in dia= — | 
meter, its pressure on a vessel would be more than 1000 tons. | 
' In various parts of the globe are observed what are called 
fairy-rings. These consist of scorched annular marks on the 
grass, about four or five yards in diameter, and were formerly 
conjectured to arise from the glowing feet of the little fairies 
dancing in a ring. Mr. Nicroxson, in his valuable Journal, 
has described several he observed in Kensington Gardens. 
These rings appear to be formed by a discharge of ele&trie 
matter; and since combustion cannot take place without pure 4 : 
air, at the same time that eleGtricity always displaces air, the L 
parched surface must be confined to the boundaries of the elec+ | 
trical column, or, in other words, to the points where it unites 


itself with the air. 
Rag a VeNnSe 
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vens, and producing all the effeéts of an abstrac.. 
tion of air, by suffocating every animal exposed 
to their influence....The camel and dromedary 
bury, instinctively, the nose in the sand, and 
the inhabitants fall flat on the face, to avoid be- 
ing immersed. in the electric fluid. In this state 
it occasions such decompositions and combina- 
tions *, that its effects are felt across the Medi- 
terranean as far as the shores of Italy, forming 
the Siroco of Voungy, or the Simoom of Brucs. 


eS aaa Sea aeeseagne:snstenninestanassisniseedinenaeiiiey 


* Tt has been already observed, that the component parts 
of atmospheric air can, by the influence of electricity, be 
converted into an active acid. In our chemical i inquiries, we 
can demonstrate the power of ele“tricity in decomposing am-_ 
monia into its two component gases, viz. hydrogen and azote, 


‘ 
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CHAP. XXIII. 


The principle of galvanism explained; with a: 
review of the different theories which have sug- 
gested themselves to physiologists—Discovery of 
the decomposition of water by the galvanic pro- 
cess—Chemical discoveries to which it may give 
rise. | 


WHEN this surprizing principle was commu- 
nicated to the world, in the mode which has been 
already described, physiologists conjectured that 
it might lead to very important inquiries relative to 
the nature of nervous energy. The idea which 


had previously been suggested by Warson, q 
Freaks, SHepsears, and others, that electricity — 
is an important agent in the animal economy, | 
had received some additional support from the — 
experiments of Mr. Wausn on electrical animals, ; 
and from the physiological remarks of Mr. Hun- | 
TER, Plausible as such theories appeared, many © 
difficulties presented themselves to the eleCtrician. ~ 
At that period no idea could be formed of an ac- © 
cumulation of electricity in any substance, with- 7 
out such a substance being insulated. As the 7 
nerves are enveloped by good conducting media, 4 
the ee of a partial accumulation in 4 

3 them, ' : 


Y 
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them, appeared contradi@tory to the phenomena 
of electricity. 

By the earliest discovery of Gatvant, relative 
to the influence of an electrical spark * on the 
muscular fibres of a frog, it naturally appeared to 
him that this influence was produced by the dis- 
turbance of the electricity in the surrounding air. 
His subsequent discovery of the remarkable in- 
fluence of two dissimilar metals, led him to the 
theory which he afterwards adopted. 

Having noticed a peculiar sensibility in the 
muscular fibres of the frog, which he found sus- 
ceptible of being a¢ted upon by the minutest por- 
tion of electricity, he was stimulated to further 
iaquiries. Having one day suspended a frog on 
the iron palisadoes contiguous to his house, for the 
conveniency of dissection, and a silver probe 
which he employed, now and then casually touch- 
ing the palisadoes, he was surprized to find that, 
at every contact, the muscles were thrown into 
action. As he soon perceived that the same 
effets were not produced when his scissars or _ 
forceps formed the medium between the frog and 
the iron railing, he was led to suspe¢t that the 


* The frog was placed at some feet distance from the ma- 
chine ; and the spark having been réceived by one of Gac- 
VANI's pupils, its passage disturbed the ele€tricity in the sur- 
rounding air, patel Dae i 
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convulsions were produced. by the influence of 
two different metals. 

. Had Gaxvant observed this influence of dissi- 
milar metals prior to his discovery of the great 
sensibility of the muscular fibres to the minutest 
portions of electricity, he would, probably, have 
attributed the cause to the agency of some other 
principle. 

These remarkable phenomena having excited 
the attention of philosophers, experiments were 
diversified, and different conclusions drawn. 
Gatvant, Vanti, ALDINI, VassaLii, and Cor- 
RADoRI, deemed the galvanic principle to be 
identical with the electrical principle; while 
Fowsr, CavaLio and Creve supposed it to be 
a principle altogether distinct. | 

It is unnecessary in this place to recapitulate 
the sentiments of these physiologists, their respec- 
tive theories having been already particularized. 
Whatever doubts, in the infancy of this science, 
might exist as to the identity of galvanism and. 
eleCtricity, since the discovery of its accumula-. 
tion by Vora, all difference of opinion seems 
to have subsided, its similarity to eletricity being 
now generally admitted. 

Notwithstanding the consonance of opinions 
as to the principle, the mode m which it is 
evolved has been differently accounted for. 
Vora supposes it to be pect by the destruc- 

. tion | 
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tion of the ele¢trical equilibrium, and conjectures 
that the interposed fluid answers no other purpose 
than that of a conducting medium; while, on 
the contrary, Fasronr, Dr. Asuz, and others, 
apprehend certain chemical changes to be effected 
by the fluid employed, and suppose the electri- 
city given out to be merely a chemical evolution. 

In ascertaining the influence of a simple gal- 
yanic combination on animal substances, no one 
has been more industriously engaged than the 
celebrated Humpotpt, a philosopher whose ar- 
dour for knowledge, and whose capacious .mind, 
have embraced almost the whole circle of the 
sciences, and who, on whatever ground he has 
trodden, has enriched it with his fruitful remarks. 
Notwithstanding he has occasionally wandered 
into the wild field of conjecture, still his con- 
ceptions operate upon the mind of the attentive 
reader, and, like the collisions of flit and steel, 
strike out a new train of pleasing ideas, 

In the science of galvanism, Vora deservedly 
claims the pre-eminence. In the earlier period 
of its discovery, his penetrating mind nicely 
ascertained the.elecirical balance in different me- 
tallic bodies ; and the disturbance occasioned by 
their contact, was evinced by his delicate electro- 
scope. Unfortunately science has not yet been 
enriched with a distinct work of this eminent 
v3 philo- 
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philosopher on animal electricity. His discoveries 
and sentiments have merely been communicated 
to the world through the medium of the philo- 
sophical journals. His communication to Sir 
JosEpu Banxs, the distinguished patron of the 
sciences, gave to galvanism an importance it did 
not before possess. Although the effects pro- 
duced by the contact of two dissimilar metals 
had excited considerable notice, still, from their 
being so limited in their application, the public 
interest was diminished to such a degree, that, 
at the time of Vorira’s discovery of the accu- 
mulation of the electric fluid, by galvanic pro- 
cesses, galvanism had almost sunk into obli- 
vion. 

This discovery forms a distinguished and in- 
teresting epoch in the science of galvanism. In 
the same way as VorTa had explained the effects 
of two dissimilar metals upon a principle which 
he termed moto-electrics, so also the series of 


galvanic combinations he denominated a moto- — 


electrical apparatus. 
Philosophers soon eas the extent of the 
application of this principle, to the explanation 
of many physical phenomena. Although Creve 
had first shewn that water is decomposed by the 
simple galvanic operation, this was still more 
completely effected by the ingenious experiments 
of Messrs. NicHoison . and CaruisLteE. Mr. 
| | Davy, 


Sparrofens. 
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Davy *, although he has not enriched the science 
of galvanism by any new discovery, has, not- 
withstanding, been of essential service in re- 
ducing it to some kind of system. The powers 
of galvanism, as a chemical agent, are found to 
be very extensive. As all chemical decomposi- 
tions depend upon the exility of the agent em- 
ployed, and as, in general chemical processes, 
this agent is caloric; by the employment of a 
principle still more active and subtile, our ana- 
lyses are likely to be- more correct. Galvanism 
indeed holds out very flattering prospects. By 
its influence, decompositions are effected which 
were in vain attempted by caloric. Henry, of 
Manchester, has, by its means, divided the con- 


* The circumstance of a galvanic combination formed of 
one metal and two dissimilar fluids, which has been deemed 
the discovery of this ingenious professor, was first communi- 
cated by Votra in 1794, ina letter to VassaLyi, and which 
was published by Gren in his Natural Philosophy. It is, 
however, very probable, that Mr. Davy might not have known 
this, and that he is therefore equally entitled to the merit of 
the discovery. Thus, the chemical apparatus of WouLrsE is 
now well known to have been described by GuauBer. The 
experiments of Picret on heat and cold, were published more 
than a century ago, by the Florentine academicians; the culi+ 
nary discoveries of Count Rumrorp are detailed in an old Ger- 
man work; and in many parts of Germany similar economical 


stoves had been ereéted near a centary ago, and are called 
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stituent parts of ammonia, and exhibited the | 
hydrogen and azote in their separate states, 
CruicksHANKs has produced the arbor Diane ; 
and Bruenatrevyi his metallic electrats. Guy- 
TON, in his observations on the sulphuret of an- 
timony, supposes galvanism to have a considera- 
ble influence in the mineral kingdom. He thinks 
that the slow and progressive results of affinities 
may be put into action by the galvanic fluid. 
The celebrated crystalographist Hai discovered 
the influence of subterranean electricity; andthe — 
experiments of LicuTENBERG have demonstrated 
its energies, by the beautiful configurations pro- 
duced on his electrophorus. It is probable that 
hereafter galvanism may be considered as a grand 
mineralizing agent. : is 

It would seem that most of the silent opera- 
tions of Nature are occasioned by the disengage. — 
ment of this subtile principle. In inanimate | 
bodies, it enables us to ascertain whether they ! 
are compound or simple substances. By its — 
means we can determine whether two metals are 
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dissimilar or not; whether metallic sulfures con- ~ 
tain the metal in its reguline or oxydated state ; a 
or whether in any given substance carbon * is a F 
constituent part. % 
From 4 


* Itis worthy of remark, that carbon and metals resemble ~ 
each other as to their varying capacities for eleCtricity. Both 
| a | 

of a 
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From a variety of circumstances it appears 
that this principle is, above all others, a stimulus 
to the functions of the animal economy. The 
construction of the animal organization tends 
to prove that its arrangement is calculated for 
the employment of such a principle. To an 
important purpose of this nature seems to be 
devoted the fun&tion of respiration. As fluids 
are imperfect conductors, carbon is diffused 
through the venous system, and only undergoes 
its changes in the lungs, where the principle of 
electricity is imparted to the blood, by which it 
is enabled to stimulate the left ventricle of the 
Meare’: 


ef them, in their natural state, are good condutors of elec- 
tricity, but, when combined with oxygen, each of them loses 
its conducting quality. All the oxyds of metals are non- 
conductors ; and charcoal, when combined with oxygen, in 
the form of carbonic acid, or when constituting a true oxyd of 
carbon, as in the diamond, is no longer a conductor. It is 
doubted by some, whether the diamond is an oxyd of carbon. 
Tennant thinks it is chrystallized carbon, and VavevELIN 
pure carbon. 

* About four years ago I read a paper at the Physical Society 
at Guy’s Hospital, in which I attempted to prove that respira- 
tion is not the cause of animal heat; but that the operation of 
the lungs appears to resemble a torpedinal action, and is pro- 
. bably arranged for the elicitation of some eletrical principle. 
Since that time many new experiments have occurred, which 
have added additional force to this supposition, and which will 
be particularized in the sequel of the present work. 


As 


gt 
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As the animal body has its non-conducting 
cuticle, so the vegetable kingdom possesses its 
equally resisting epidermis, with which the leaves 
and stalks of plants are guarded. The vegetable 
seeds are surrounded by a non-conducting velvet 
envelope, while the internal cellular and paren- 
chymatous substance admits it ready diffusion, 

It has already been shewn, that no changes 
can take place in conducting bodies, without a 
similar variation in their capacities for electricity. 
Thus, in the animal frame, any part being under 
a state of morbid derangement, its capacity for 
electricity will vary also; and thus, by a judicious 
application of this stimulus of nature, considerable 
good effects may be expected. ‘The most indubitable 
instances have already been given of the blind 
_ and deaf recovering their sensory powers ; of the 
paralytic patient being restored to his proper 
sensibility, and of rheumatic affections being 
almost instantaneously removed, Its direé& in- 
fluence on the principle of life has been fully 
proved, by its restoring deranged persons to the 
enjoyment of sense and reason, and counter- 
acting the dreadful effects of hydrophobic irrita- 
tion. Galyanism appears to be an energising 
principle, which forms the line of distinGtion 
between matter and spirit, constituting, in the 
ereat chain of the creation, the intervening link 
between corporeal substance. and the essence of 

: vitality. 
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vitality. By this cursory view we may perceive 
the very extensive range of the influence of this 
principle; and if, at so early a period, so much 
has been ascertained, what may not be expected 
from the united efforts of those who are interested 
yn the progress of the sciences ? 
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CHAP, XXIV, 


On simple galvanic combinations—The arrange- 
ment of metals: which forms the most perfect 
combination 


Galvanism and eleétricity identi- 
cally the same principle—The different modes in 
which they are produced—How far the develop- 
ment of electricity is a chemical process—The 
influence of dissimilar metals on the muscles of 
a frog-— Any two different metals may form a 
galvanic combination—Table of conduclors and 
non-conduétors. 


TWO dissimilar metals, and an interposed 
fluid; or a single metal, exposed to the a¢tion of | 
two different fluids ; or any one of the conducting 
substances on which unequal aétions can be in- 
duced by different fluids, constitute a simple gal- 
vanic combination. | 

A series of such combinations is denominated ~ 

a galvanic battery. | 
When two metals are employed, they produce 
the greatest effect, when the particular quality of 
one of them renders it extremely difficult of 
oxydation, while the other unites with oxygen 
with the greatest facility. 
. ae iy; 


ON SIMPLE GALVANIC COMBINATIONS, 30O\l. 


If, upon a polished plate of steel, water be 
laid, under the common temperature of . the 
atmosphere, in, the course of two or three days 
the surface will be considerably oxydated.. . This 
is occasioned by the decomposition of the water. 

If, upon a similarly moistened surface of steel a 
plate of zinc be placed, at the end of two or-three 
days the surface of the steel will be found covered 
with. a white powder, which has been ascertained 
to be the oxyd of zinc. When it is wiped off, 
the steel will still possess its original polish, 

This proves that the zinc unites more readily 
with oxygen than does the iron; but if a plate 
of silver be substituted to the zinc, then the steel 
will be oxydated *. 

Consequently, silver is more difficult of oxyda- 
tion than steel, and steel than zinc. 


+ 


* If a metal be placed in a vessel of dry oxygen gas, no 
oxydation is formed. Oxygen is more readily separated from 
water than detached from its gaseous state. When a series of 
galvanic combinations are placed under a receiver, the oxygen 
is rapidly separated ; but if the receiver be exhausted of air, 
the process is very slow. It would appear from hence, that 
exygen, in its gaseous state, cannot enter into an union with a 
metal, until the latter be thrown into a state adapted to its 
admission, either by the agency of moisture or of caloric, &c. 
The pure air is in this manner so completely separated, that 
Guyton was induced to employ the Voltaic pile as an eudio- 
meter, | 7 

Silver 
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Silver and zinc, or gold and zinc, form the 
most perfect galvanic combination. 

All metallic bodies are excellent conductors of 
electricity ; but, when oxydated, they become 
non-conductors. In this change of capacity elec- 
tricity is given out. 

Although galvanism and electricity may be 
considered as the same principles, still, accord- 
ing to the present state of our knowledge, they 
may be thus distinguished. 

Galvanism is the portion of electricity which 
forms a component part of the conducting body, 
in the act of undergoing a change in its capacity, 
from a greater to a less state ; while electricity is 
the result of a temporary change in non-conduct- 
ing bodies, insomuch that their capacities become, 
by attrition, momentarily increased. 

Galvanism is never produced by any changes 
in non-conductors ; while electricity is accumu- 
lated by them alone. 

A metallic body, when insulated, undergoes 
very slow changes, compared with those produced 
on it when non-insulated. 

A piece of zinc, placed in a weak solution of © 
sulphuric acid, is subjected to but a trifling alte- 
ration, compared to the change which ensues 
when it is brought in contact with a piece of sil- 
ver. This curious*phenomenon was first no- ~ 
ticed by Dr. AsHe ; and was. by him advanced as ' 

an, 
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an argument in favour of galvanism. being the 
result of a chemical operation. 

A plate of silver, and a plate of zinc, with a 
piece of cloth, or of any bibulous substance, 
moistened in water, placed between them, con-- 
stitute a simple galvanic combination. In this 
case the zinc becomes oxydated on the portion 
of its surface which is in conta@ with the wet 
medium, 

If a prepared frog* be substituted for the 
moistened cloth, the humidity on its surface will 
produce similar effects on the zinc; and when 
the circuit is completed between the silver and 
zinc, by any substance which is a conduor of 
electricity, the muscles of the frog will be thrown 


a a 


* By a prepared frog is understood, a frog divided into two — 
portions by a pair of scissars, throngh the middle of its body 
and spine, the viscera being removed, and the lower part 
skinned. ‘The sciatic nerves rise very high up in the spine in 
this animal, and are very discernible when it is thus arranged. 
When it is intended to arm the nerves, after the introdu@ion of 
a pair of pointed scissars beneath them, the spine is cut through 
without dividing them. A portion of the inferior part of the 
spine should be afterwards separated; so as to leave room for 
the nerves to be covered by a piece of tin-foil. This is what 
is denominated urming, or coating the nerves. In some expe- 
riments, it is more convenient to separate the lower extremities, 
and employ the crural nerve. 


into 
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into action. These contractions will be renewed. 


every time the circuit is completed. 

If a single metal be employed, it must be of 
such a description as not to be easily acted upon 
by water. Thus, if a silver cup, nearly filled 
with a weak solution of nitric acid, be placed in 
a glass vessel containing common water, a simple 
galvanic combination will be formed; seeing 
that the inside of the silver vessel will become 


oxydated by the acid, while its external surface | 


will not undergo any change. Ifa prepared frog 
be made to form the circuit between the twe 
fluids, immediately on its completion the convul- 
sions will be produced. 

Dr. Wetts says, that two homogeneous me- 
tals will produce contractions, if one of them be 
rubbed by silk, wood, or sealing-wax. This ef- 
fe&t I have never observed, although I have tried 
every mode of géxcitation. It probably arose 
from the metals containing an alloy. 

FowLer and Prarr assert, that the conducting 
powers of metals are in no way influenced by 


temperature. Humsonpr says, on the other 


hand, that a moderate increase of warmth does 
influence them. I have tried zinc, from the tem- 
perature of 40 degrees of FAHRENHEIT, to near 
300, without observing any difference. 


The more active the fluid which is employed, — 


the more powerful will he the effects. Thus, 
salt 
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salt water is better than common water; and 
acid and water than salt and water. Vorra 
ascribes this difference to the conducting powers 
of the fluids, and not to any changes induced in 
the metallic bodies employed, ~ 

After a certain period, the metal the most 
liable to oxydation has its surface oxydated ; and 
till this is removed the galvanic operation ceases. 

Whenever:a metal becomes oxydated, its cas 
pacity for electricity 1s diminished : oxygen can- 
not enter into union with a metatlic substance, 
withotit the electricity which constituted a por- 
tion of the metal being given out. 

A metal which is in a state of giving out din 
tricity, will evince positive signs of the electric 
Huid, and occasion a sensible electroscope to di+ 
verge with the same state of electricity as is pros 
duced by excited glass. t : 

In the series of metals, of gold, silver, cop 
per, iron, tin, lead, zinc, each will become posi- 
tive by its combination with that which pre- 
cedes it, and negative with that by which it is 
followed. 

Thus, gold and silver form a siinple galvanic 
combination. Ifa fluid be employed which will 
act on the silver, and not on the gold, as hap- 
pens with the nitric acid ; in this ease the silver 
will be the oxydable. metal, and will therefore 
give out a portion of its eombined eledtricity. 

VOL. 3. at ee Ge ae 
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- conductors being metallic substances ; next char- | 
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This equally applies to copper and iron, to iron 
and tin, &c. | 

Silver, when combined with gold, exhibits 
positive signs; but when it is arranged with 
copper, it evinces negative signs. 
- As all metals, with the exception of gold, un- 
dergo some small changes on the application of 
an oxydating fluid, the most perfect galvanic 
combination is constituted, when one of the me- 
tals undergoes the greatest change, and the 4 
other the least. 

When zine and copper are employed with a 
solution of a muriate of ammonia, the muriatic 
acid acts upon the zinc, and a portion of ammo- q 
nia attacks the copper. In this way the galvanic 
effect is not so powerful as if gold had been em- 
ployed. a 

All substances which are conductors of elec. 
tricity are likewise condudiors of galvanism, and — 
in precisely the same order: the most perfect — 


coal, muscular flesh, &c. nearly in the following 
order : | 


-conpuc- | 
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CONDUCTORS. 


All the metals. 

Minerals containing mefals not 
oxydated. 

Vegetable coal. 

Mineral coal. 

Carbonated blend, 

Aluminous schist, 

Inflammable schist. 

Siliceous substances contain- 
ing carbon. 

Grey manganese, arising from 
the carbon it contains. 

Muscular flesh. 

Membranes, nerves, ligaments 
and blood-vessels, whether 
moist or dry. 

Morells and mushrooms, 

_ White of an egg. 

Water, blood, juices of plants. 

Cellular tissue of vegetables. 

Spirit of wine. 

Wine, beer, acids, alkaline 
solutions, soft soap, and 
flame, (doubted by some). 


x2 


NON-CONDUCTORS, 


Oxyds of metals. 

Oxyds of carbon. 

Gases. 

Periosteum. 

Hair. | 
Epidermis and cuticle. 
Fibres of wood. 

Glass. , 
Amber. ig: 

White of an egg hardened. 
Oil. 

Resins. 

Gums. 
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CHAP. XXV. ° 


The influence of two dissimilar metals on the mus- 
cular fibres of a frog—How the electricity of 
the metals. is disturbed—The oxydation cannot 
go on till there is a conducting medium from 
one metal to the other—The exquisite sensibi- 
lity of the fibres of a frog to electricity, com- 
pared to the gold-leaf electroscope. 


B 


VOLTA divides the conductors of electri- 
city into two classes, namely, dry and moist. 
The dry conductors he ranks in the first class ; 


and the moist conduétors in the second. When 


a moist conductor, and a dry conductor, are 
brought into contact, a disturbance of the elec- 
trical fluid takes place. The mode in which 
this disturbance is produced, he does not ven- 
ture to conjecture; but says in his Letter to 
Professor Gren, “ Do not ask me in what man- 
ner, it suffices that such an impulse is produced.” 


Vora supposes that all the fluid media act ' 


merely as conduétors of electricity. ‘That water, 
holding in solution an acid, produces more pow- 
erful effets than simple water, he attributes 

exclusively to the superior pha aha power of 


acid substances. 
When 
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When two dissimilar metals are employed, 
such as a plate of silver and a plate of zinc, after 
frequent use, the zinc becomes changed on its 
surface, loses its metallic splendour, and has an 
oxydated appearance. The experiments of AsHE 
and Fazront also tend to prove certain chemical 
changes effected by the contact of two dissimilar 
metals with an interposed fluid. 

In Plate V. Fig. 1, suppose Z to represent a 
plate of zinc, S, a plate of silver, and F, a pre~ 
pared frog lying between them. Upon complet- 
ing the circuit between the silver and zinc plates, 
by the means of the conductor C, the muscles of 
the frog are instantly thrown into violent con- 
vulsions ; and these actions are repeated as often 
as the contact is made by the conducting wire 
and the two metals. 

When the prepared frog is in a desiccated state, 
without any humidity on the portions in con- 
tact with the two plates, no contractions ensue, 
on the circuit being completed. 

The zinc plate becomes oxydated by the 
moisture on the surface of the frog. In this 
process a quantity of electricity is given out. 
Unless the surface be in contact with a con- 
ducting medium, a very small portion a éléc- 
tricity can be disengaged; and the oxydating 
process cannot continue, because the oxygen 
cannot enter into union. with the metal, with- 

2. nee ye out 
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out electricity being given out. The whole is 
to be deemed a chemical process; but we can- 
not with propriety say that the disengagement 
of elédtricity is the effect or the cause of the 
other phenomenon. ‘They are contemporaneous 
results. bell 

- When there is not any condu€ting medium to 
communicate the disengaged electricity, it acts as 
a resisting power to the further union of oxygen 
with the metallic substance, and consequently 
prevents the oxydation. In the above cited 
experiment, made by Dr. Asue, if zinc be thrown 
into a diluted solution of sulphuric acid, the pro- 
cess is much slower than when a piece of silver 
is in contact with the zine. 

In consequence of this oxydifying process, the 
natural electricity of the zinc becomes disturbed ;_ 4 
_and the. direction in which it will have a tendency 
to move, will be towards the particular surface 
which is undergoing the change in capacity. 

If a plate of zinc be supposed to be divided 
into a number of lamina or strata, the superior 
stratum being | thrown into a state of readily part- 
ing with its combined electricity, and the suc- 
cessive strata “being similarly acted on, the elec- 
-tricity in the plate will be thrown into motion, 
and the direction will be, from the opposite side 
of the plate, towards the side which is under- 
“going a chemical change. Tn ais 

ais this 
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this disturbance, the side of the plate of zinc 
which is not exposed to moisture, or to the ac- 
tion of any fluid, will be in a negative state, or, 
in other words, will contain less than its natural 
quantity of the eleGtric fluid, while the other 
side will be in a positive state of electricity. 
Electricity, like every other description of 
matter, when thrown into motion, does not pos- 
sess in itself any specific powers to recover its 
original state. It will always remain quiescent, 
unless influenced by external causes ; and, when 
thrown into motien, will invariably move in the 
_ direction where there is the least resistance. 
The power which originally causes the dis- 
turbance, producing at the first instant its most. 
active effects, becomes more and more feeble at 
every successive instant, until at last its energy 
finally ceases. It would require a similarly ac- 
tive power, to again restore the electricity to its 
original state. | 
When a conducting medium is placed between 
both sides of a plate of zinc, then an equaliza- 
tion is effected. The surface under the chemi- 
cal action of the fluid, being freed of its excess 
of electricity, and the other side *recovering its 
original state, the oxydifying process again goes 
on, and thus continues, so long as the metallic’ 
arc completes the circuit between the sides. 
As zinc undergoes this change with so great a 
x A eae keeii bar 
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facility, in order to produce a perfect galvanic 
combination, it is necessary to guard and defend 
one of its sides from any change, by coating it 
with a metallic substance, the capacity of which 
for electricity is not so easily altered, such as 
gold, silver, copper, &c. These metals, when 
soldered to zinc, are not otherwise useful, than 


- because they are less acted on by the fluid, than 


the zinc would have been; and hence, as to the 
state of electricity, they may be simply deemed to 
accord with the zinc surface with which they are 
united. | 

If, instead of two metals in immediate contact, 
a piece of animal substance be interposed, as in 
Fig. 1, Plate V. then the silver will be in the | 
negative state, and the zinc in the positive; and 


- these states will be acquired in the gradual man- q 
ner before particularized, namely, by the a@ion 


on successive strata. When the equalization is — 
effected by a metallic conductor, as C, a fresh 
portion of electricity instantly passes from the 
silver, through the conducting medium of the 
muscular fibres of the frog, to the zinc. Inthis — 
transmission the fibres are thrown into a contrac- _ 

tile state. | 
The muscular motions are not produeed by the 
equalization of the zinc and silver, at the instant 
of the circuit being completed ; but, in conse- 
quence of this completion, the oxydifying process 
at 
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at the same instant going on, the silver, which is 
at this precise juncture restored to its original 
state, parts with it as at the first instant. I 
have considered these processes as all taking place 
at one and the same instant, which is not mathe- 
matically correct. But as the changes occur 
with so great a rapidity as not to be followed by 
our senses, they consequently appear to us to 
take place at the very same moment of time. 
The muscular fibres of a frog are so extremely. 
sensible to the influence of electricity, as to form 
the most delicate electroscope hitherto known. 
The great sensibility of the gold-leaf electroscope, 
the elegant contrivance of Mr. Benner, is well 
known ; but, notwithstanding the great improve- 
ment of Mr. Rean’s condenser, it evinces no- 
disturbance by the simple contact of two dissimi- 
Jar metals. When a large plate of zinc, and a 
similar plate of copper, having insulating handles 
adapted to them, are brought into contaét about 
twenty times, and one of the plates applied, on 
each contd, to the condenser, upon removing 
the latter, the leaves of gold are seen to diy erge. 
The state of electricity with which they diverge, 
is invariably positive, if the zinc plate be applied 
to the electroscope ; and negative if the applica- 
tion. be on the side of the copper-plate. 
In this case, the plates must be at Feast five or 
six inches in diameter. But we see, on the other 
, hand, 
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hand, that a very minute portion of zinc and sil- 
ver will produce violent convulsions in the limbs 

of a frog. he 
If ten persons * moisten their hands with salt 
and 


* Gren, in his valuable Elements of Experimental Philoso- 
poy, which, unfortunately for science, have not yet been trans- 
lated from the German into the English language, brings for- 
ward, in section 1404, the following particulars communi- 
cated to him by the celebrated Votta :—“ The electric fluid, 
when set free, and put in motion, is a stimulus to the animated 
fibre ; and the effect of its irritation, while aGtually pervading 
that fibre, consists of a sensation or motion produced in it. 
The muscular fibres constitute the most sensible electroscope, 
and shew the presence of an electrical stream, which is not — 
able to disturb the most delicate electrometer,” &c. 

From this quotation alone the sentiments of this celebrated 

philosopher are easily known. In the subsequent section q 
7 Gruw has remarked how the sensations of seeing and tasting q 
may at the same time be produced, by a very striking experi- | 
ment, which is as tollows:—‘‘ The muscular motion, as well 
as the sensations of seeing and tasting, may be produced at 4 
the same instant, by the means of the eleGtrie stream. Let ; 


four persors stand upon a somewhat imperfe&t conductor, and 
communicate between themselves in this way. Let the first 4 
person hold in his right hand, well moistened, a cylinder of q 
gine, and touch with the finger of his left hand, the point of 4 
the finger of the second person, who, again, should touch with * 
his finger the bare eye-ball of the third: now, let the latter — 
- hold the legs of a prepared frog in his well moistened hand, at 
the same instant that the fourth person, with his moistened © 


right hand, lays hold of the rump of the frog, holding in his ; 
| moistened ~ 


SENSIBILITY OF THE MUSCULAR FIBRE: 315 


and water, and form a circuit, by holding the 
hands of each other; and if, in this circuit, a 
prepared frog be placed, one of the persons hold- 
ing the animal by the feet, and another by the 
spine, at the same time that the first person in the 
circuit has in his disengaged hand a half-crown, 
and the last person a plate of zinc, held in the 
same way, each time the two metals are brought 
in contact, the frog will become convulsed. 

I shall demonstrate, in a subsequent part of 
this work, the very feeble power of a large gal- 
vanic battery, exposing a surface of four thousand 
inches, when the fluid passes through such a 
circuit of imperfect conductors as the human 
body. The hands being guarded by a non-con- 
ducting cuticle, each point of contact in the cir- 
cuit acts as a resisting force. 

If the accumulated ele¢tricity, from such an 
extensive surface, becomes so weakened as not 
to act with a twentieth part of its power, through 
a circuit of this kind; how surprizingly sensible 


moistened left hand a cylindrical piece of silver. If the first 
and last of the persons who form this series, bring the zine and 
silver into conta&, and in this way complete the circuit, the 
person whose tongue is touched will perceive an acidulous 
taste ; the touched eye of the third person will perceive a flash 
of light; and the thighs of the frog, which are held by the 
third and fourth persons, will be viclently convulsed.” 


to 


ed 
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to electricity must be the muscular fibres of a 
frog, seeing that they are influenced by a twen- 
tieth part of the very minute portion of the fluid, 
arising from the contact of two small dissimilar 
portions of metal. 

Some faint idea of this may be formed from 
the following calculation : I employed two square 
pieces of silver and of zinc, each measuring on 
either side one-tenth of an inch, and having 
consequently an area of the ;3, of an inch only: 
on bringing them into conta¢t with a prepared 
frog, convulsions were produced ; the connecting 
wire employed to complete the circuit being —s 
the zis part of an inch in diameter. 

T'wo circular plates of copper and zinc, six 
inches in diameter, required to be brought twenty 
times in contact with the condenser, before any 


ae * * a 


sensible disturbance of the gold leaves could 5 
be induced. ‘The area of each plate being ‘ 
-6X 0X 7854 = 28.2744; this product, mule 
tiplied by 20, the number of times the contac : 
was made, will be found to be equal to 565.488. f 
The sensibility of the fibres of the frog to that a 


of the condenser was, consequently, as 565.488 
is to =2<, viz. 50548.8, or more than 56,000 times 
greater, in point of sensibility, than the delicate 

instrament made with the gold leaves. . 
My ingenious friend ALpin1, well known to 
the public by his galvanic renee: considers 
the 
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the principle to be inherent in the animal fibre 
alone, and endeavours to oppose the Voltaic 
doétrine, which makes it arise from the hetero~ 
geneity of the metals employed. He adduces 
two experiments to elucidate his opinion : Sup- 
posing several prepared frogs, ten or more for 
instance, to be arranged in a parallel line to each 
other, as in Plate V. Fig. 5, in such a way as 
that the nerve should be at one end, and the 
feet at the other; upon the circuit being com- 
pleted between the coatings applied to one of 
the frogs only, convulsions are excited in all the 
others. 

If this experiment be repeated, as in fg. 0, 
when the frogs are reversed, as to each other, 
and disposed alternately, the convulsions do not 
ensue in all of them. 

I have repeated these experiments with the 
utmost care, without their being attended with 
the results Aupin1 has described. When the 
frogs were placed on glass, by studiously avoid- 
ing any condudling medium between each of 
them, such as moisture, &c, I invariably found 
that the one only which was in contact with the 
coatings was convulsed. 

If there be any humidity on the surface of 
the table on which the animals are placed, a 
regular communication will be formed between 
each of the frogs and the coatings: consequently, 

3 upon. 
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upon the equalization, they will be all alike dis- 
turbed. 

Axpin1t and Humsoup'r have both observed 
that, if the legs of a prepared frog be immersed 
in mercury, and the nerves be brought in con- 
tact with the external surface of that fluid, the 
convulsion will take place every time the circuit 
is formed. 

From this experiment these physiologists have 
deduced, that dissimilar metals are no ways ne- 
cessary. The celebrated Votta properly ob-_ 
serves, that although one metal is thus ap- 
parently employed, the different states in which 
the mercury is found, constitute what may be 
considered as two dissimilar metals. As mer- ° 
cury, the instant it is exposed to the air, be- 
comes oxydated, a part of the animal bemg in _ 
contaét with the fluid in its metallic state, and : 
the sciatic nerve being equally so with the oxy- 
~ dated surface, convulsions will necessarily ensue. 

From-all the experiments hitherto brought — 
forward, in .which convulsions have been pro- 
duced by the influence of dissimilar metals, it 
would appear that the disengaged ele@tricity is 
from the oxydated surface of the metal; and 
that the muscular fibres of the frog are, in con- 
sequence of their exquisite sensibility, convulsed 
by the transmission of the electricity from the 
non-oxydated plate to the oxydated plate. | 

| The 
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The disturbance of the straws, produced, ac- 
cording to Vauut, by a battery of fourteen frogs ; 
and the disturbance of the geld leaves, which 
Kiinne fancied he perceived, appear to have 
originated from some other cause*, ‘This. is, 
at the least, conje€tured by Vora, Fow Ler, 
Creve, LicHTENBERG, SCHRADER, Prarr, and 
Humegotpr. The hairs of a mouse were said by 
Vaxut to have been erected by a similar process ; 
but Humsotpr found this tobe perfectly erro- 
neous. : . 


* Owing to the very great sensibility of Bewnet’s electro- 
scope, signs of disturbance are evinced upon the slightest agi- 
¢ation. The wafting of a few dusty particles produces, as well 
as the evaporation of a drop of water, a divergence of these 
leaves. It is therefore probable, that their separation, as it 
was observed by Kiinne, might originate from some such 
slight agitation. 
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CHAP. XXVI. 


On the influence of a single metal and two dis- 
similar fluids, on the muscular fibres of a frog—~ 
Observations of Professor Ropison on galvanic 
combinations —- ‘Fhe discoloration of a silver 
spoon from the eating of eggs, explained—The 
combination of a single metal and two. dissi- 
milar fluids—The discovery of Voura an- 
nounced in a jeiter to Professor GREN. 


I HAVE already observed that a simple 
galvanic combination may either consist of two 
dissimilar metals, and an interposed fluid, or of 
a single metal placed. between two dhiferent 
fluids, one of which acts on the metal without 
its: beinlg influenced %y the other. | 

‘Let “A B;- Bis. ; Plate VI. represent two 
| glassesy one an en a diluted solution of 
nitrous acid, and the other with water. If these 
two vessels be connected by a copper arc, ab, a 
simple 2 ‘ralvanic combination will be formed. The 
‘part of the copper in the diluted solution of 
nitrous acid will be oxydated, while the portion 
in the vessel of water will not be acted on. If 
one of the extremities of a prepared frog, as at 


ae be 
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F, be placed in one of the liquids, as soon as 
the other extremity is brought in contact with 
the liquid in the other vessel, convulsions will 
ensue. B. 

This effect is more strongly produced in the 
experiment represented by Fig. 2, Plate VI. in 
which BD isa glass dish filled with a solution 
of the sulphuret of potash, and A, a silver cup, 
or a salt-cellar, placed withinside, and nearly 
filled with a weak solution of nitric acid. By 
this arrangement a perfect galvanic combination 
is produced ; and as soon as a prepared frog is 
made to form a communication between one of 
the fluids and the other, it will be convulsed. 

The principles of this combination are pre- 
cisely the same with those of the one precedently 
noticed, in which it must have been observed, 
that one side of the metal is acted on by the 
fluid, while the other side is guarded by a coat- 
ing of another metal, on which the fluid does 
not produce any aclion. In the latter case, the 
active liquid is simply in contact with one of the | 
surfaces, or parts, of the metal, while the other 
surface, or part, undergoes no disturbance. 

Upon the principles of simple galvanic com- 
binations, many curious phenomena are explica- 
ble. Formerly, in applying copper sheets to-the 
bottoms of ships, it being the usage to: employ 
iron bolts, it was observed that the ees soon 
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became loosened in the part where the two 
metals were in conta’. This arrangement con- 
stituted a simple galvanic combination of two 
dissimilar metals, and an interposed fluid. In 
this case the interposed fluid was the sea water, 
or a solution of the muriate of soda, and the 
metallic substances, the iron and’copper. In a 
similar arrangement, the iron, the most oxydable 
metal, in becoming oxydated in the part more 
immediately in contact with the copper, is soon 
destroyed, and detached from the latter substance. 
In 1795, Creve first shewed that, in every 
simple galvanic combination, water is decom- 
posed. The oxygen, in these combinations, en- 
ters into union with the metal; and the hydro- | 
“gen is evolved. ‘ 
Professor Rosison has remarked, that the 
‘drinking of porter out of a pewter pot, produces. 
' a more brisk sensation than when it is taken out) 
of a glass vessel 5 ; and this he ascribes to a gal-— 
“vanic effect. In this instance, there is a com- 
‘bination of one metal and of two dissimilar fluids. 
Jn the a& of drinking, one side of the pewter 
pot is exposed to the saliva and the humidity o i 
the mouth ; while the other metallic side is in 
contact with the porter. In completing the cir- 
cuit, in the a&t of drinking, a brisk and lively 
sensation arises, which imparts an agreeable re- 
“lish to the porter. j.,. (| 
Satire : ~ Re - This 


THEORY OF GALVANIC COMBINATIONS. 323 


This ingenious professor has carried the re- 
'finement of taste so far, as to fancy that snuff, 
taken out of a metallic snuff-box, excites 4 more 
agreeable sensation, than when taken out of a 
box of tortoise-shell, or papier, mache; 

The discoloration of a silver spoon; in the 
act of eating eggs, is likewise a curious galvanic 
operation. | 

Mr. Caruiste, by a very ingenious analysis, 
has proved the existence of sulphur, both in the 
yolk and in the albumen of an egg. A tea-spoon 
left immersed in either of these substances, un- 
dergoes no discoloration; but the above re- 
-markable phenomenon takes place in the a& of 
eating the egg; the extremity of the spoon which 
ig most in the mouth, being always found to be 
the most discoloured. 

In this case the galvanic combination consists 
of the sulphyrated solution, the silver tea-spoon, 
and the saliva. In every galvanic operation 
Creve has shewn that water is decomposed. 
The nascent hydrogen, readily uniting with the 
sulphur, forms sulphurated hydrogen gas, which 
* produces the discoloration. It is this gas, evolved 
from our coals in the act of combustion, which 
occasions a similar tarnish to the silver employed 
- for domestic purposes. 

Votra, to whom we are indebted for the dis- 
covery of the galvanic combination of a single 

Yo (% of net 
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metal and two. different fluids, observes, that if 
a tin basin be filled with soap suds, with lime- 
water, or with a strong ley, and if it be held by 
both the hands, moistened in pure water, upon 
applying the tip of the tongue to the fluid, an 
acid taste will be perceived. In proportion as 
this acid sensation gradually dies away, the taste 
becomes pungent and alkaline. 

These curious changes of sensation invariably 
occur; but Vottra has not undertaken to reason 
upon the cause. It may perhaps be deemed pre- 
sumptuous in me to hazard an opinion, when so 
profound a physiologist has hesitated to pro- 
~nounce his. I submit, however, as mere con- 
 jectures, my sentiments on this head. 

From what has been before observed, it ap- 
pears that when water is decomposed, the oxygen 


is evolved. This principle, by uniting with azote, — ; 


may form nitrous acid ; and the evolution of oxy- 

gen may thus produce an ascescent state, while 
the nascent hydrogen, uniting with azote, may, by 
forming an ammonia, account for the alkalescent 


| 


sensation. Ina subsequent chapter I shall take 
an opportunity to observe, that, according to. 


every probability, ammonia and nitrous acid are 
formed in the greater part of the galvanic com- 

binations. 
Vora, who has not as yet favoured the world 
with his collected opinions, they being scattered 
and 
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-and diffused through different journals and pe- 
riodical works, in such a way as to render it difficult 
to arrange them in a systematic order, observed, in 
the year 17 OA, in a letter to Professor Gren *, that 
the contraétions also take place instantly, if one 
end of the connecting arc be moistened with a 
conducting fluid of a different kind; such, for in- 
stance, as water is with regard to an alkaline 
solution, to dilute nitric acid, or to a solution of 
an alkaline sulphuret; or if into one glass water 
be poured, and into the other vinegar, or a solu- 
tion of an alkali or of a sulphuret, or of a salt; 
and if in this experiment the communication be 
made by means of one single metal only. 


_ * Allein in dem angefithtem falle (§ 1393) sind die zuck- 2 
ungen gleich wieder da, wenn man das eine Ende des leitenden 
bogens mit einer leitende fluessigkeit anderer art, als blosses 
wasser ist, z. b, mit einer aufloesung von alkali, mit scheid- 
wasser, mit einer aufloesung von schwefelalkali bestreicht; 
oder wenn man in das eine glas blosses wasser, in das andere 
essig, oder eine alkalische aufloesung, oder eine aufloesung 
_von schwefelleber, oder eine salzanfloesung giesst, und die 
“ yerbindung jetzt anch nur durch ein einziges metall macht, 


* 
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CHAP. XXVII. 


On the influence of charcoal—Mr, Davy's gal- 
vanic combination with charcoal—Experiments 
made on that substance—In the order of the 
conductors, it stands next to metals—Why it 
varies in its properties— Opinions of PraFr, 
Humsorpt and Lacui—Remarhs of FowLer 
and WELLs—ABILGOARD’S proportion of car- 
bon in venous blood—Observations on the charr- 


ing of wood. 


. ‘MR. D AVY, the chemical professor at the 


Royal Institution, whose ingenious galvanic ex- 


_ periments are well known, observes, that char- 
coal possesses a similar property with metals, of i 
forming a galvanic combination with two dissi- — 
smilar fluids. Supposing, according to him, A 


1g, 
and B, Fig. 3, Plate V1. to represent two glasses, 
one filled with nitric acid, and the other with 
water: if a communication be formed, by means 
of a curved piece of charcoal, CD, a galvanic 
combination will be produced, sufficient to dis- 
turb the muscular fibres of a frog. 


* 


He also remarks, that a solution of the sul-— 
phuret of potash, and the sulphuric acid, will, © 


with 


- 


“a 
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with the aid of charcoal, form a similar combina- 
tion. | 

_I have repeated these experiments with the 
utmost care, but have not been equally success- 
ful with the above physiologist. When a pre- 
pared frog is so applied as that the leg is in one 
of the glasses, and the crural nerve in the other, 
slight contractions will be produced, =But if the 
muscular part only be in each of the. glasses, 
there will net be, at least as far as I could ob- 
serve, any sensible motion. 

In this case, I conjecture the galvanic combi- 
nation to consist: of the two liquids, and the, 
muscle and nerve; the charcoal merely acting as 
the conducting mediura. 

I am so fully aware of the extreme difficulty of 
procuring good charcoal, that I do not presume. 


to deny the results of Mr. Davy’s experiments. 


The charcoal employed by him was made from 
box, or lignum vite, well charred. These woods, 


being dense, do not absorb water in so great a 


degree as the others. 
Charcoal is an excellent conductor of elena, | 


city, and ranks next to metallic substances. It 


has been asserted, that it was first employed by 
Fontana as a conduor of galvanism ; but the 
earliest experiment was made by Voura. Prarr 
observes, that when a piece of charcoal is found 


not to bea good conductor, it is rendered effica- 


COE A BON _ clous 
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cious by the process of combustion. Humsoipr 
remarks, that this method has never succeeded 
with him; and thinks that the impediment is 
occasioned by the carbon being enveloped in the 
hydrogen, the fibrous part of the wood contain- 
ing that principle, as well as carbon, oxygen, car- 
bonate of magnesia, calcareous earth, and a small 
portion of azote. The alkali which arises from 
the combustion of plants, is, notwithstanding the 
inference drawn from their experiments by Mar- 
GRAAF and WiscxisB, formed posteriorly to the 
decomposition, by a fresh combination. Hy 
“drogen, at similar temperatures, more readily 
unites with oxygen than does the carbon ; and 
hence, water is first formed, and afterwards the 
carbonic acid. 

Charcoal, when divested of its hydrogen, has a 
black radiated appearance, and is then best cal- 
culated for, galvanic experiments. Professor 
Lacut, of Bologna, attributes the non-conduct- 
ing quality of some particular charcoals to resin 
or bitumen not properly liberated by combustion. 
In pieces of imperfedily conducting charcoal, he 
observed parts not well charred, which on that 
account cut off the galvanie circuit. : 

The conduating powers of minerals were first 
ascertained by Dr. Fow1Ler, a very ingenious: 
physician of-Salisbury, whose valuable observa- 
tions have already been detailed. ‘These sub- 

i 3 | stances 
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stances were found by him to be condudiors, in 
proportion as they contained metallic or carbo- 
naceous matter. 

Houmesoipr having noticed that the Lydian 


\ stone is a condudor, suspected it to possess that 


property in consequence of a certain portion of 
carbon it contains. On burning it with caustic 
jotash, in an open vessel, the potash became 
nild, and effervesced with acids. A proof was 
this obtained of its having acquired carbonic 
acit, | 

D. Wetts, whose sentiments always merit the 
highet respect, supposes that charcoal, recently 
made, is in its most perfect conducting state. 
The opnions of this very intelligent and well 
informed philosopher, on subjects generally re- 
lating to\galvanism, have been recorded in a 
former partof this work. 

From thes observations, we may perceive how 
delicate a testyalyanism is, in detecting carbon in 
a substance inwhich the presence of that prin- 
ciple was not en suspected. So great, at the 
same time, is the ensibility of galvanism to good 
conducting media\of this description, that. it 
evinces instantaneOgly the existence of the 
smallest portion of cabon. 

All substances whic have this principle dif- 
fused through them, become galvanic conduc- 
tors. 


_ Professor 
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Professor Aprncoarp has remarked, that one 


ounce af venous blood contains 1152 grains of 


charcoal ; while the same weight of arterial blood 
contains 872 grains only. 

This remarkable circumstance I shall have 
occasion to notice more particularly in my ob- 
servations on respiration. 

Some persons have supposed galvanism to dif 
fer from elediricity, because the conductig 
powers of charcoal have been found to be greaer 
for the former than for the Jatter principle. This 
is, however, far from being the case. Chacoal 
preserves the same ‘rank in the order of cadue- 
tors, both for electricity and for galvanism That 
it is found superior to metals, in the defigration 
of the latter substances by ealvanic sTOCESSES, 
-does not depend upon its conducting »ower, but 
upon its aiding principle of combustvn. 

-.. To prepare the best charcoal, ’have found 
the following method the most efectual : Hav- 
ing laid in acrucible pieces of box: vood or hgnum 


vitze, about one inch in. thichiess, when they 
fe crucible should 


t the access of the 


are nearly heated to redness, 
be covered, in order to pre 
external air, since otherw combustion would 
ensue. By continuing heat till the crucible 
is red-hot, and then rer~ving it from the fire, in 
order that it may be gadually cooled, the woed 


will be found to be ‘ujglis charred. 
The 


pt Sa Alle al P * 
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The principal precaution in this process, is to 
‘make choice of the proper time when the crucible 
should be covered. The wood should previously 
be sufficiently heated, in order that every particle 
of moisture should be thrown off. Wood, when 
charted, loses three-fourths of its weight, and 
about one-fourth of its bulk. Fontana and 
Morozzo have remarked that charcoal, in cool- 
ing, absorbs both air and moisture. CHAPTAL 
observes, that desulphurated pit-coal, or coak, 
absorbs one-fourth of ‘its own weight of water ; 
and charcoal about one-fifth, Box and lignum 
witee produce a charcoal which is hard, sonorous 
and brittle; while the other woods in general 
yield a substance light, spongy, and friable, and 
on that account more disposed to the absorption 
of water, in the act of cooling. These circum- 
stances point out the propriety of letting the 
charcoal cool before it is removed from the cru- 
cible, and likewise of keeping it afterwards in a 
‘covered vessel. Spe 

Carbon *, when mechanically diffused through 


* Both alcohol and oil consist of oxygen, hydrogen, and 
carbon; notwithstanding which, the former is a conductor, 
but not the latter. This is not owing to the carbon, of which 
oil bas a greater proportion than alcohol; but because the 
latter fluid, in its purest state, contains water, as has been de- 
monstrated by LAVOISIER and MpuNIER. = | 

aa ia bodies, 


332 GALVANIC PROPERTIES, &c. 


bodies, possesses its conducting properties; but 
when it is in chemical union with them, it under- 
goes a change in its capacity. Thus, in the case 
of the carbonates of lime, of barytes, of magne- 


sia, and of alumine, its conducting faculties are 


lost; and this also happens when it is united 
with hydrogen, so as to form hydro-carbonate ; 
when, being blended with oxygen, it constitutes 
carbonic acid; and when, in the intermediate 
state, it forms the gaseous oxyd of carbon. 


4 
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CHAP. XXVITT. 


On the influence of animal substances, in consti- 
tuting galvanic combinations—The experiments 
of ALDINI explained on the foregoing principles 
—Whether galvanism is conneéted with the ner- 
vous system—Observations of naturalists on the 
nerves of insecis—On fungi as conduétors—How 
a ligature on the nerves influences galvanism— 
Remarks on the reproduction of nerves, when 
divided—Conjeciures on the infinitude of our 
sensations. 


VOLTA, with the philosophical acumen he 


so singularly possesses, has observed that various 
parts of animals can be excited without the aid of 


metals; and several ingenious methods have 
been proposed by Gaxvani for this purpose. 
In the opusculi of Milan, is an account of AL- 
DINI’s experiments, made in the presence of the 


Institute of Bologna, as early as the year 1794. 


In the memoir of this physiologist, addressed to 


_Amorortt, he describes one of these experiments 


as follows: A prepared frog having been im- 


_mersed in a strong solution of the muriate of 


soda, and removed from fhenes; the learned pro- 
i) fessor 
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fessor held ore of the extremities in his hand, 
and allowed the other to hang freely down. : 
While the animal was in this position, he raised 
up the nerves with a glass rod, on suddenly 
removing which, as often as the nerves touched 
the muscular parts, convulsions were produced. 
This experiment having, with several other 
analogous ones, been repeated in the presence of 
the National Institute at Paris, it was there ob- 
“served, that they would have been more correct, 
if the nervous and muscular systems had been 
perfe@ily insulated. To prove that these eon- 
tractions did not arise from any defect of insula 
tion, Atpin1r made the following experiments: 
‘Suppose LN, Fig. 7, Plate V. to represent a 
prepared frog; S the spine; KR the ‘sciatic and 
obturator nerves; and L and N the legs. The 
whole having been previously moistened in salt 
“and water, and the frog being supported by a 
glass rod, H, at the spine, S, while another glass 
‘rod, Mi, raises up the leg, L, until the muscles 
are brought in contact with the nerves at R, im- 
mediately on the contact being made, the con- 
vulsions take place. In this experiment no part 
of the frog is otherwise touched, than by non- 
conducting media. ‘This has been more cor- 
rectly tried by the means of two insulated frogs, 
the feet of one of which were tied to the spine 
of the other. | 4 
. et Let 
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Let MN, Fig. 4, Plate V. represent a, glass 
-rod; and A, B, two prepared frogs ; the feet of 
B being secured to the spine, C, of. the frog, A. 
On the sciatic nerves, E, of the spine, Dd, being 
raised by a glass rod, so as to touch the muscles 
of the upper frog at A, contractions are produced 
in each of the animals, they having been, in this 
case, as in the former, previously moistened with 
a strong solution of the muriate of soda. 

If a similarly prepared frog be held by the 
hand, well moistened in salt and water, and the 
crural. nerves be applied to the tip of the tongue 
of the person by whom the experiment is made, 
the convulsions will be produced. 

From these nice experiments it has been de- 
duced by physiologists, that, im the ammal body, — 
a principle exists, which may, by a recourse to 

+ certain particular means, be excited and.directed 
at pleasure. ‘They have besides conjectured that 
an energetic fluid is developed ne the action of 
the animal forces. » 

I presume that these surprizing ‘fa as, the truth 
.of which I have many times ascertained, are 
reducible to the principles I have already laid 
down; and that the galvanic ~phenomena are 
merely owing to the disengagemeut of the com- 
bined electricity of the substance acted on, while 
it undergoes a certain decomposition. “In the 
case: either of metallic evolutions, or of animal 


elicita- 
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elicitations, it would appear that an oxydifying 
process ensues. When a galvanic combination 
of metals is placed under a receiver, a portion of 
pure air is lost. Atpinr suspended in a bell- 
glass fourteen frogs prepared with the utmost 
dispatch, and found that at the end of 24 hours 
the water had risen in the bell to the height of 
about half an inch. 

This experiment would have been more satis- 
faory, if our naturalist had ascertained the loss 
of air relatively to the capacity of the receiver ; 
and also whether the pure part of the air was thus 
abstracted. 

This experiment of Pr een a Mason, of Ge- 
‘noa, was made with a greater precision. He 
took a strong torpedo, and as soon as it was 
dead, armed its nerves with the usual coating. 
Having placed it on an insulating stool, a little 
elevated above water, he covered it with a bell- 
glass, the contents of which were equal to 432 
cubic inches. At the end of some hours he ob- 
served, that the water under the receiver began 
to tise progressively, insomuch, that at the end 
of 48 hours it had risen above an inch, occupy- 
ing a ninth part of the capacity of the bell, viz. 
forty-eight cubic inches. 

The residual air was analyzed by the pro- 
fessor, who found that 80 cubic inches only 
on oxygen gas neta with 324 of azotic 


gas. 


a. 
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gas. It thus appeared that, during the above 
period, more than two-fifths of the oxygen 
gas contained in the receiver, had been ab- 
sorbed. Or 

Animal substances, as conductors of electricity, 
have their capacities proportioned to their con- 
ducting powers. No change can be induced in 
these substances, without an adequate change in 
their capacities. Both the muscular fibre, and 
the nervous substance, in their healthy living 
state, and connected with the sources by which 
their energies are preserved, are, with respect to 
electricity, in a precise balance with, each other. 
When a portion of animal substance is detached 
and separated, changes are induced, and decom- 
positions effected. In cold-blooded animals, the 
process being very slow, the muscular fibres re- 
main for a long time susceptible to so pervading 
a stimulus as electricity. When the substance 
is immersed in a solution of the muriate of soda, 
the nervous and muscular parts seem not to 
undergo equal changes. The part which is the 
_ most ‘rapidly acted on, will leave the other. in a 
negative state of electricity; and, on the com- 
munication being formed, convulsions’ will be 
produced. If the communication be made 
through the medium of a warm-blooded animal, 
similar effects will ensue. | ' 

VOht II. | nt : As 
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As the changes* induced in animal substances, 
are by no means so considerable as in metallic 
bodies, relatively to the disengagement of elec- 
tricity, unless the frog be very vigorous and 
lively, the experiment will not'succeed. Femate 
frogs are best calculated for these experiments ; 
and should be chosen at the period when they 
emerge from their torpid state. The principle 
of life not having been excited during their sleep- 
ing season, is at this period in the least state of 
exhaustion. | 

From experiments made by Dr. Fow Ler on 
leeches, it was conjectured by him, that galvanism 

is a principle independent of nervous influence, 
‘seeing that it ats on animals divested of nerves. 

In the last century, Poupaxr described nerves 
in the leech; but Moranp and Ditientus de- — 
- nied their existence. Wins proved the exist- _ 
- ‘ence of a brain in snails, notwithstanding Lup-— 
wie denied them nerves. Prescranr and Man- 
eit have, however, demonstrated in them the : 
‘existence of nerves; and _ this discovery ABiL- it 
Goarp and Rass have confirmed. | 


* A curious experiment was tried by La Grave, and re- 
jated in the Memoirs of the Galvanic Society of Paris. A se-— 
ries of galvanic combinations having been formed of brain and — 
muscle, cut into slices, and layers of hat, moistened in solution 
of the muriate of soda, evident galvanic effects were induced. 


In 
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In animals which possess loco-motivée powers, 
unléss a connecting medium were diffused through 
their system, to the end that any part should be 
influenced at will, their motiotis would be irre= 
eular and undetermined, or, perhaps, would cease 
altogether. By this connecting medium is un- 
derstood the nervous system; and, even if the 
nerves cannot be traced by the knife of the ana- 
tomist, it would be highly absurd to deny their 
existence on that account. Anatomy being the 
mere mechanical part of science, to believe no 
farther than mechanism can reach, would argue 
very limited ideas. The anatomist may be re- 
warded as the pioneer of the physiologist, to clear 
away whatever may impede the latter in his re- 
searches. When the anatomist and physiolo- 
gist are united in the same person, there must 
then be a proportionate efficiency of means. 
Animal substances are superior conductors to 
those which belong to the vegetable kingdom. 
The substances which constitute the interme- 
diate link between animals and vegetables, such 
as mushrooms and morells, preserve the same 
order in their conducting powers: Gener, in 
his Philosophical Dictionary, first remarked this 
curious circumstance, which is hot dependent on 
their humid state, since; when they are cut and 
dried, they are found to be good conductors, 
Mushrooms, when placed in a retort, and ex- 
| oS) Seed 
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posed to a lamp heat, give out water, which soon 
becomes putrescent, and evinces the existence of 
ammonia, of carbonic acid, and of an empyreu- 
matic oil. 

Morells contain a quantity of gelatine, and, 
owing to this enriching quality, constitute one 
of the luxuries of the table. 

Fungi of this description, on the stimulus of 
light, do not, like vegetables, give out pure air, 
- but evolve non-respirable gases, namely, hydro- 
gen and the carbonic acid gas. 

Vegetables in general are gradual in theie 
growth ; but these animalized vegetable sub- 
stances spring up after one showery night. 

Vaztr was the first to notice that a ligature 
applied to a nerve, prevents the muscle from 
being convulsed by metals. ‘Trarrori observed, 
that this is not an invariable consequence. VALu1, 
in his subsequent observations, discovered that 


if the ligature be made close to the insertion of - 


-the nerve in the muscle, it entirely impedes its 
movements ; but if at a distance, the experiment 
succeeds perfectly well. 


However a nerve may be lacerated, if a teak | 


fibre of communication be left, the convulsions 
* will be produced. 

| When the nerves of warm-blooded animals 

are applied to the nerves of cold-blooded ani- 

mals, the contractions do not take place. Thus, 

: | the 
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the crural nerve of a mouse being applied to the 
crural nerve of a frog, and the nerves separated 
by about the half of a line, the contractions do not 
énsue. But if a nerve of the same frog be di- 
vided, and the parts separated about a line from 
each other, upon completing the circuit, the 
contractions will take place *. 

A nerve, when divided, requires a considerable 
time after its subsequent union, to recover its 
original energy. ARNeMANN observes, that di- 
vided nerves unite by means of a cellular tissue 
formed by coagulable lymph; and notices also, 


that the voluntary powers of the muscles are 


restored, but not their sensibility. The cele- 
brated SopMMERING’s opinion is, that the repro- 
duced portion never has the characteristic ap- 
pearances of the other nerves. Fonrana and 
CruicxsHank have proved the fallacy of this 
opinion, by their experiments on the grand sym- 
pathetic nerve ; and Dr. Hatcuron’s ingenious 


experiments fully prove the perfe¢ct re-establish- 


ment of the nerves in general. SpRENGEL, in an | 
ingenious work on these organs, has referred our. 
sympathetic sensations to the action of the nerves 
on the brain, and to the re-action of the brain on 


* 


e 


* These experiments were made by HumBotpt. 
+ Versuch iiber di regeneration der nervem, Lib, i, 1 EOE 
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the nerves, in a state of unison. By others, these 
sensations have been ascribed to the anastomosing 
of the nervous fibrils; while others again have 
conjectured that each nerve has its particular 
atmosphere; and that, when these atmospheres 
are blended, the impressions are communicated *. 


* The infinite variety of the sensations we experience can- 
not be referred to the mere diversity of mechanical impulse: 
they are reducible toa few. Let us consider the nerves as 
ramifying all over the body, and that each branch is the trunk 
of the fibrils which proceed from it. When an impression is 
made on any part of the body, such an impression aéts on 
a certain number of nerves. Now, if we suppose the impres- 
sions to be confined to so small a space as only to ac 
upon two branches, the sum of the actions will be united in 
the trunk. This sum will be a varying quantity, according to. 
the angles which these branches form with each other. The 
larger the angle, the less will be the sum of their united powers. 
When we consider that three, four, or five branches may be 
acted on, the infinity of results will enable us to conceive the 
infinitude of sensation upon the principles of the composition 
of forces. . 

The same principles are applicable to the varied visual sen- 
‘ations produced by the impressed optic fibrille ; as well as to 
the great diversity of sounds from the undulatory ations on 
the auditory expansion. 

I have been long engaged in physiological researches relative 
to nervous energy; and whenever my series of experiments 
shall be completed, I shall presume to submit them to the 

public, 
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CHAP. XXEX: 


On the galvanometer—Mr.Perys’ moveable coat- 
ings—Mr. Reav’s condenser, adapted to the 
electroscope, improved by Cutapertson—The 
principle of aétion the same as in the Leyden 
phial—The state of electricity induced by a zine, _ 
or by a copper-plate—The part of the cap the 
best adapted to the application of the metallic 
plates—Conjectures upon the cause of this dif- 
Jerence. ) 


MR. PEPYS, of the Poultry, well known 
as a liberal and spirited philosopher, whose ex- 
periments are conducted with the utmost cor- 
reciness and perspicuity, and whose observations 
and deductions are demonstrative of great in- 
genuity, has contrived a very curious apparatus, 
to be adapted to Bennev’s electroscope, for the 
purpose of evincing small states of electricity, » 
as they are developed in galvanic experiments. 
With this view, instead of the tin-foil coatings 
withinside the glass, he has substituted two plates, 
forming an acute angle, which, by a regulating 
screw, can be adiusted to any required distance ~ 
from the gold leaves. ‘The angular part is se-. 
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cured to the bottom; the open part perpendi- 
cularly upwards; and the gold leaves hang be- 
tween them. By this ingenious mode of ap- 
proximating the coatings to the gold leaves, the 
resistarice being diminished, a weaker intensity 
of electricity suffices for their disturbance. 

_ This contrivance will answer only when a series 
of galvanic combinations are employed; in the 
same way as Mr. Reap’s condenser, improved by 
Mr, Curugerrson, evinces a disturbance upon 
the contac only of two dissimilar metals. Owing 
to its superior sensibility, it is now pane! de- 
nominated the galvanometer. 

Mr. Reap, of Knightsbridge, well known by 
his valuable observations on atmospherical elec- 
tricity, is the first who applied the apparatus, 
called the condenser, to the electroscope, to the 
end that it should evince small intensities of 
electricity. The very minute portion of the fluid 
given out by the single contact of two different 
-mwnetals, does not produce any disturbance of the 
gold leaves; but when several minute portions 
are accumulated, a separation of the leaves takes 
place. The electroscope, in its simple state, will 
‘be as much charged the first time as if the con- 
tact had been made a thousand times, and can- 
not therefore acquire a greater quantity of the 
fluid than suffices to place it in equilibrio with 
the metallic plates. This aaa being inade- 

quate 
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quate to the preduction of any divergency of the 
leaves, Mr. Reap applied the principle of the 
electrical doubler to the above instrument, by 
which means he was enabled to charge an inter- 
vening plate of air. By thus accumulating every 
minute portion of the fluid imparted by the me- 
tallic plate, and by apparently condensing and in- 
creasing its intensity, he ultimately succeeded in 
producing marked signs of disturbance. 

This instrument has been considerably im- 
proved by Mr. CuruBertson, as is the case with 
all those which pass through his hands. 

The construction of this apparatus * is as fol- 
lows :—A circular brass plate, 6, Fig. 2, Plate V. 
about four inches in diameter, is soldered to the 
brass cap of BenneEt’s electroscope, 0; and, at a 
right angle with the plane of the cap, a similar 
brass plate, a, connected with a brass’rod, and 
moveable about the joint, g, completes the appa- 
ratus. The latter plate, a,is non-insulated, and is 
never in contact with the plate 4, being placed at - 
such a distance as to allow a thick card to pass 


- 


* My worthy friend Mr. Carpus, in his ingenious*treatise 
on electricity and galvanism, has, by mistake, attributed the 
construction of this instrument to Mr. Curugertson. This. 
gentleman, in the account he has published of the above con- 
trivance, has, with his usual liberality, given every requisite 
credit to the abilities of Mr, Reap. 
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through. Consequently there will be a plate of 
air between a and &; and the charging of this 
plate of air is precisely on the principles described 
in the explanation of the Leyden phial. 

Fig.3, Plate VI. represents two metallic plates, 
A and B, about six inches in diameter, with in- 
sulating handles, as at C. One of these plates 
is made of zinc, and the other of copper*. When 
they are brought frequently into contact, and 
when, on each separation, one of them, for in- 
stance, the zinc plate, is, by its insulating han- 
dle, made to touch the cap of the electroscope, 


each portion of the electricity communicated to . 


the cap, becomes equally diffused throughout the 
whole metallic medium in contact with it, the 
plate, b, participating of the effect. The sur- 
rounding air is so feebly acted on by this very small 
intensity, that unless its resistance be considera- 
bly diminished, no sensible effects will be pro- 
duced, ,'Phe very small plate of air between the 
. two. plates a 4, becoming influenced by this weak. 
state of eleciricity, the proportion of the fluid 


itsreceives: on the side opposed to the plate b, 


it gives out at the side contiguous to the plate 
a, which, not being insulated, admits it with 


¥ 


* Care should be taken that brass be not substituted for 
 eopper, as the former metal contains zinc, 


facility. 
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facility. In this way’a may be.considered as the 


coating of the outside of the jar, and 4, as the 
imside coating, On every successive charge the. 
plate of air becomes additionally acted upon. So 
long as the plates a and & are preserved in this 
state, no separation of the gold leaves takes 
place. When a Leyden phial: is charged, and 
then placed on an insulating stand, if a.com 
munication be formed with the external coating 
and an electroscope, no disturbance will take 
place. The air in the external surface being in 
a precise balance with the air on the internal sur- 
face, no change can take place on one side so 
long as the other side is kept insulated. Thus 
it is with the condenser: the instant the plate @ 
is separated from the plate 0, the electricity which 
had been imparted and received by the inter~_ 
vening plate of air, being now exposed to the 
atmospheric mass, moves in the direction in which. 
it meets with the least resistance. ‘This direc- 
tion is the metallic cap of the electroscope ; and, 

according to the quantity thus regurgitating, the 
gold leaves become div erged. The state of elee- - : 
tricity is always positive, if the zinc plate be* 
applied; and negative, if the application of the 


copper-plate be made. : 


If either fhe zinc or the copper- -plate, be ap- 
plied to the part of the cap, , which is directly 
opposite to the plate 6, the effects will be stronger 

than 
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than when it is applied nearer to the plate J. 


This observation was first made to me by my 
very ingenious friend Mr. Reap; and seems to 
accord with Voura’s notion as to moto-eleétric 
power. It is a further confirmation of the idea, 
that the real conductors of electricity are replete 
with that principle; and that the first effects 
produced, are occasioned by the disturbance of 
the natural electricity of the body. It is well 
known to be a common property of all univer- 
sally diffused fluids, to be more powerfully acted 
upon in the part which is in a line of direétion 
with the impelling power. This is the case with 
the transmission of sound through solids or fluids, 
and also with the apparent motion of light *. 
The successive impulses acting at n, the natural 
electricity of the plate 4, will also more powerfully 
disturb the intervening plate of air, than when 
the contact is made at any other part of the cap. 


* I say apparent motion, because I aim induced to believe 
that light is universally diffused, and that its impressions are 
communicated by impulses. In all its properties it accords 
with those of universally diffused fluids. Its velocity is uni- 
form, whether from Sirius or Jupiter. This is not the case with 


substance evolved from any particular bodies, the subsequent 


velocities being by no means equal to the initial force and im- 
pression. But water, air, &c. are uniform; and the laws of 
refraGtion and refle&tion are similarly dependent an the same 
mechanical principles, 


In 
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In such a case, the motion communicated to the 
electricity of the plate 4, will be weakened in 
proportion to the obliquity of the direction. This 
fact is easily proved, by the greater number of con- 
tacts requisite in one direClion than in the other. 
With Mr. Rean’s apparatus I found that twelve 
contacts at n, produced a more sensible disturb- 
ance than twenty contacts did at the part of the 
cap distant one-fourth of its circumference from 
the plate b. 

It would perhaps be more correct to call this 
instrument a galvaniscope, seeing that it does 
not so correctly measure the powers of a battery 
as one which will be hereafter mentioned, and 
which may therefore be more properly regarded 
as a galvanometer. 

In the plate where this is represented, viz. 
Fig. 2, Plate V.c points to where the gold leaves 
_are suspended, and e the tin 3 coating on is 
inside of the glass. 
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CHAP. XXX. 


On the Voltaic accumulation—The couronne dé 


tasses—The pile—CruicksHANK’s trough— 
The superior advantages of this construction— 
fethod of preparing galvanic batter ies—What- 
liquids are the most convenient--Order to be 
observed in connecting two or more batteries. — 


WHEN Ganvant’s important discovery- 


was communicated to the world, it was neces-= 


sarily expected that it would open a new field of 
inquiry, relatively to the principle of aétion in — 
animated bodies. ‘The interesting experiments 


_of Berruoxon had already proved the energetic 


influence of eleétricity on the vegetable king- 
dom ; and the curious memoir of THOUVENEL, on 
the virgula divina of Breron, had evinced the 
susceptibility of the animal frame to the influence 
of minute portions of the same principle. 
Notwithstanding the experiments with dissi« 
milar metals had been diversified by natura~ 
lists of different countries, and although the 
fact first noticed by SULTZER, of their influence 
on the organ of taste, had been confirmed by the 
ngemaus. experiments of Vorra and Rozison, 
who 
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who had likewise noticed the more remarkable 
effect of the luminous appearance first observed 
by Dr. Hunter, of York, produced by their con- 
tact, still nothing more than a temporary in- 
terest had been excited. As the results did not 
appear applicable to the explanation of any phy- 
sical phenomena, they were gradually lost sight 
of; and in spite of the intelligent observations 
of Creve, Fagroni, and Asus, in a few years 
after its discovery, galvanism sunk in a manner 
into oblivion. 

Hitherto physiologists had turned their atten- 
tion entirely to the disturbance of the muscular 
fibre. In increasing the scale of their experi- 
ments, they confined themselves altogether to 
the augmentation of the animal substances em- 


‘ployed. With this view batteries of frogs were 


arranged; but no idea seems to have been en- 
tertained of what was to be expected from an in- | 
crease of the series of metals. | 
Votra, whose name is so celebrated in the 
annals of philosophy, is the author of this dis- 
covery, which he communicated about. three 


Sad 


years ago in a letter to Sir Joszpu Banks. He 


_ there observes, that a series of this nature re-, 


sembles an electric battery, weakly charged, act- _ 
ing incessantly, and which charges itself after 
each explosion. Instead of consisting of insulat- 

| | ing 
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ing plates or electric strata, it is armed with con- 
ductors. . 

The first arrangement he describes, is what he 
terms a couronne de tasses, consisting of glass 
tumblers, half filled with water, or salt and 
water, and forming a regular union by the series 
of metallic arcs represented in fig. 5, Plate VI, 
in which the plates marked S are either of silver 
or copper, and those marked Z of zinc. The arcs 
a,a,a, may be formed of any substance which 
is a good conductor of electricity 5 and the 
two metals in each glass should be soldered to 
the metallic arc, in any part above the one which 
is immersed in the liquid. otra remarks, that 
alkaline solutions are employed with the best 
effe&, when one of the metals is tin, and the 


other silver or copper. If zinc be substituted: 


for tin, then salt water is preferable. 

When thirty or forty of these glasses are 
“arranged, one of the experimenter’s hands being 
placed in the fluid contained in the first class, 
and the other hand in the last in the series, a 
shock is experienced. . As often as the circuit 1s 
completed, the same sensations recur. 


Vora next communicated a more conyenient 

mode, by substituting wet pieces of cloth to the “q 
glass tumblers, as in Fig. 1, Plate VII. which 
represents a frame formed of two circular pieces » 


a”) 3 
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ef wood, secured to columns of varnished wood 
or of glass, c,e,d. At the bottom of the frame; 
at f, a plate of zinc, soldered to a plate of cop- 
per, is first laid down with its zinc side upper- 
"most. Upon this a piece of cloth, of a somewhat 
smaller circumference than the metal, and well 
moistened with salt and water, is placed. Next, 
follows another plate of zinc and copper, the 
same arrangement as at first being observed, 
namely, that the zinc side should Hf Hes ia 
Then a second piece of wet cloth, By thus 
continuing the series to 40 or 50 hee a gale 
vanic pile will be cofstituted. On placing cné 
of the hands at f, and the other at g, a shock is 
felt. This pil@Vorra terms a moto-electric ap- 
paratus : the process continues as long as the 
pieces or discs of cloth remain moist: as soon as 
_ they become dry the operation ceases. ; 
Lo preserve their action longer, Voura sug- 
gested a mode of enveloping a pile with cement; 
without any interposition of cloths. He pro- 
posed to station the metallic plates at a greater 
distance from each other, and to fill up the cells, 
or intervals, between them with a saline solution. 

Mr. CRUICKSHANK, the celebrated chemist at 
- Woolwich, considera y improved this Voltaic 
construction, after the manner represented in 
Fig.2, Plate Vil. ABCD is a wooden trough 
formed of hard baked mahogany ; ; about thirty 
B. VGLs 11 Aa "¢ - —  inehes 
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inches long. Withinside, fifty grooves are cut 
in the sides and bottom, at equal distances from 
each other. | These grooves should be of a thick~ 
hess corresponding to the metallic plates*. The 
plates are cemented separ ately in each of the | 
erooves, so that the fluid will not pass out of one 
. ell into the other. The plates consist of zine 
soldered to copper ; and in whatever direction 
: the first of them is cemented into the box, all 
the others must preserve the same order. Sup- 
‘posing the copper side of the first to be towards 


eit 
; : no a ae 


* The mode of forming»these metallic .. is as follows : 


“The zinc, or, which is the same, the spelter F the shops, should 


be melted ima vessel. which exposes but a small surface : it 
- would otherwise absorb oxygen so rapidly, as to be volatilized, 
. and converted into a fleecy substance, denominated the flowers. 
of zinc. A stone mould about four inches square, a and about 
one eighth of an inch thick, is well suited tothis purpose; or @ 
stil better one may be formed of brass, by any founder to ' 
whom a pattern in wood is given. The plates should be cast q 
as quickly as possible. Those of copper need not be more than 
oné tenth the thickness of the zine plates. The pieces of copper ; 


Me being cut of a size corresponding to the zinc, and hammered ey 
straight, so as to apply correétly to the zine, the plates should EY 
‘be soldered together by means of soft solder, not through their ‘ j 
eyhole extent, but about a fourth of an inch from the edge, ay 
so that at the edges the union may be complete. | 

The cement I generally employ,.is made of four ounces of — 
yellow wax, eight ounces of resin, and about an ounce of fine % 
ptick-dust. » s ' 


B; all 
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B ; all the others should be so placed in the box 
as to have their copper sides towards B, and 
their zinc surfaces towards CD. When they 
are thus arranged, the end C D is called the zine 
end of the battery ; and the end A B the copper 
end. In this state the battery is complete. 

This construction possesses many advantages 
which the pile does not. The fluid is applied 
with greater facility. The apparatus is more 
convenient for experiments; it continues to be 
active considerably longer ; and is attended with 
little or no trouble in cleaning, In the Voltaic 
pile, after it has been once used, the zinc sur- 
face of the plates becomes oxydated ; insomuch, 
that before they can again be used, they must’ be 
scraped or filed, which is a very tedious and 
troublesome operation. In the trough every 
successive operation cleans the plates, by dissolv- 
ing the oxydated surface of the zinc. 

Votta supposed the fluid employed to act 
- merely as a conductor ; and that the differences 
in fluids depend entirely on their different con- 
ducting powers. It has already been shewn, by 


_ the experiments of Asnz, Creve, Fasront, and. 


others, that the fluid aéts chemically on the 
easiest oxydable metal; and that those fluids 
produce the most active effects, which influence 
the metallic substance the most powerfully. 
Thus acids, alkalies, neutral salts, &c. aét more 

, MOD ele  pera 


bi i 


356 CONSTRUCTION OF GALVANIC BATTERIES. 


powerfully than simple water. Acid solutions 
are still more powerful than the former. One 
part of nitric acid, blended with about twenty 
parts of water, forms a very active mixture. As 
this mixture évolves nitrous gas, it is injurious to 
respiration ; besides which, the nitric acid is very 
expensive. Sulphuric acid, combined with water, 
answers very well, but its action is too quick. 
In operating on the zinc, it disengages such 
quantities of hydrogen gas, as to be very trouble- 
some, and is frequently attended with such evo- 
lutions of heat, as to loosen the cement. About 
an ounce of the muriatic acid, or spirit of salt of 
the shops, blended with a pint of water, consti- 
tutes the mixture I generally employ. It acts 
tranquilly and uniformly, decomposmg the water 
so slowly, that the hydrogen gas which is evolved, 

“does not annoy the operator. The trough, by 
the employment of this acid mixture, is kept 
uniformly clean. | 


When the experiments are finished, a mixture | 
of the above description should not be thrown — 
away, but emptied into an earthen pan, and re: 


served for any subsequent experiment. For 


ar | 
medical purposes 1 employ the same mixture 


eight or ten times. ‘The trough, when emptied, 


should be rinsed out with fresh water, and will be 


then ready for use. 


_ Some persons ay cilia) of the muriate | 
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of soda, of the muriate of ammonia, or of the 
“sulphat of potash. These solutions are compa- 
ratively weaker than the acids; and, by crys- 
talizing on the plates, render the trough ex- 
tremely difficult to clean. sy ; 
When, for any experiment, several batteries 
are requisite instead of one, they should be 
placed in precisely the same order as if two, 
‘three, or more batteries were to constitute one 
trough only; invariably observing, throughout 
the whole of the series, however extensive it 
may be, that the zinc surface of one of the 
plates should be constantly opposite to the cop- 
per surface of the next plate in the series ; and 
that the troughs should be connected to each 
other by any metallic substance. A slip of cop- 
per sheeting, about half the width of the trough, 
_ answers this purpose very well, 
It is surprizing, that on the Continent the 
Voltaic pile should be still employed. To ren- 
der its action more permanent, a Mons. Isam has 
substituted to the moistened cloths, salt just 
sufficiently moistened to be formed into a lay ef, 
He observes, that a pile thus formed, retains its 
powers fora month. The quantity of metallic 
substance destroyed by the acid is very trivial ; 
since it only aéts when the circuit is completed. 
A trough, I should presume, will, with due care, 
last ten or a dozen years, if it even be employed 
Aaa re. “eeverae t 
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several hours daily.. The fluid, when poured in, 
should not ascend higher than about a fourth of 
an inch from the top of the plates ; and when 
the trough 1s filled, it should, as well as the 
upper surface of the plates, be wiped dry *. 


ba a GET SE aE 


* When a single metal is employed, such as copper, the 
plates are cemented in the same manner: in one of the cells 
simple water 1s introduced ; and in the other a solution of 
nitric acid, This battery is by no means so powerful as when 
zinc is employed with copper, and one fluid only. So, like- 
wise, if plates of gold and silver be soldered together, a solu- 
‘tion of nitric acid will be found to answer, because it will 

 oxydate the silver, and not the gold. Any metallic combina- 
tions may ‘be formed, if the fluid which is employed will act on i 
- one of the metals, and not on the other: their powers will, how- i 
ever, be feeble, because their changes are trivial when com- — 
pared to those of a combination of silver or copper with zine, c 
The latter of these metals oxydates so readily, as to give out — ; 
its combined electricity with greater facility than any other | ' 
metal. In an extensive battery silver plates would become — . 
expensive, and as copper only loses gne fifth of the power, or, 
“jn other words, as 80 plates of silver and zinc are equal in — 
power to about 100 plates of copper and zinc, the difference is , ' 
amply compensated by the saving which is made. f 


“ 
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« CHAP. XXXI. 


How far the powers of @ calvanism are increased by 
the extent of metallic Gaia athe experiments 
of Fourcroy, Vavave tin and THEnarp—The 
shoch is in proportion to the series, and not 
to the surface—Its powers in the defiagration of 
metals depend on the surfaces—Conjectures as 
to the cause—How far the surface is concerned, 
illustrated by experiments with six hundred small 
plates—The principles of the battery “explained 

by the doétrine laid down in the chapter on elec- 
tricity —The necessity of the cells being insulated 
—In a series of batteries, they should all be of 


equal powers ana surfaces, 


SOON after the important communication 
of Vorra on the self-charging power of his 
moto-eleGric apparatus, the celebrated French 
chemists, Fourcroy, VavavELin and Tuenarp, 
supposing, @ priori, that the effects would be m 
proportion to the metallic surfaces exposed, 


constructed plates of zinc and copper about nine 
or ten inches in diameter. The plates which 


had been previously employed, rarely exceeded 
the size of half-a-crown. As one of these large 
: Aad plates 
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plates exposed a surface about 40 times * greater 
than that of the small plates, it was expeCed 
that the effects produced from ten such plates 
would have equalled the effects of four hundred 
of the smaller ones; but, to their great surprize, 
the above experimenters found that the sensa, 
tions were the same, from an equal number of 
each; and that the extent of surface did not 
make any sensible difference. The power ap- 
peared to be regulated by the number of the 
plates, and not to be influenced by the surfaces 
exposed. ‘They were equally surprized, when 
they found that a series of ten large plates, the # 
effects of which on the human frame could with 
difficulty be perceived, possessed a power of 
burning finely drawn wires, and of deflagrating 
-Jaminated metals, such as gold and silver leaves, 
equal to that of four hundred smaller plates, the 
sum of whose surfaces was equal to the surface 
of the larger ones, These curious facts led to an 
important deduction, that the influence of the — 
-galvanic fluid on the haman frame, is in propor-~ 
tion to the series, or number of the plates em- 


* A half-crown measures about 15 inch in diameter, and 4 
the diameters of the large plates being estimated at 10 inches, xs! 
as the areas of circles are, in proportion to each other, as the * 

. squares of their diameters, the ratio will be as 100 are to 2i, 4 
or as ] is to 40. | 


ployed ; a 


IN GALVANIC EXPERIMENTS. 361 


ployed; while its effects on metals are in the — 
ratio of the surfaces exposed. 

In the course of my inquiries*, I have not 
heard of any attempt to explain these remarkable 
and curious circumstances. As such inquiries 
appear to me to be of considerable importance in 
this branch of natural philosophy, I shall presume 
to suggest such explanatory conjectures as have 
occurred to me. 

The quantity of electricity evolved from each 
plate I have already shewn to be so extremely 
minute, as to require an accumulation before the 
most sensible artificial electroscope can be dis- 
turbed. To conduct the portion of electricity 
which is thus disengaged, such media must be 
employed as occasion the least resistance to its 
passage. It is well known to electricians, how 
extremely difficult it is to liberate a jar once - 


* In the French Memoirs several ingenious remarks are 
made by Biog, on the surfaces of plates, He observes, that 
the circumstance of small plates giving equal shocks with 
large ones, depends on the velocity. If there be a less 
mass of fluid, the velocity will be greater; if a greater mass, 
it will be less. As shocks depend on the velocity of the fluid, 
they will not be increased by the size of the plates ;, while 
metallic combustion will depend on its mass. I presume that, 
from the experiments I have adduced, this theory of Bior will 
be found incorre&t, as to any difference of velocity, It will 
indeed be the reyerse of what Bior has asserted. | 


charged, 
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charged, of every portion of eleétricity : after the 
metallic circuit has been completed five or six 
times, a sufficient proportion remains to produce 
a disturbance in the galvanometer. 

If, instead of a metallic circuit from the inside 
4o the outside of the jar, the human body be 
‘substituted, it becomes almost impossibl le to per- 
feally equalize the jar. Mr. Cavunpisu has de- 
monstrated, that the conduétin g powers of water * 
for electricity, are one million times less than the 
powers of metallic bodies ; or, which is the same, 
that the resisting power of water to the passage 
of eleéricity, is one millon times greater than 
the resistance from metallic bodies. 

A battery, discharged through an interrupted 
circuit in a tube of water, will burst the tube; 
while the same charge will be tranquilly ¢on- 
ducted by a fine metallhe wire. 


” 


% Mr. Cavenpiss shewed, by a very ingenious experi- 
ment, that a cubic foot of water is merely capable of trans- 
mitting a full discharge from a jat of one foot of coated surface, 

In’ the Philosophical Transaétions for 1776, Mr. Caven- 
pis observed that a picee of 3 iron wire, 400 millions of inches ° 

‘in length, resists the passage of | electricity no more than one 
inch of water, of the same cylindrica] dimensions as one inch 
of the iron wire. By what experiments this’ celebrated philo- 

" sopher was teat to the above conclusion, I am/ignorant; in the 

"paper in question he says, that the conduting powers of iron 


to water are as four hundred millions to one. 
a4 The 
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The human body being constituted of con- 
ducting media nearly equal to water, must there- 
fore considerably resist the passage of electricity. 
As the effects can never be greater than the 
cause, such an intensity of electricity must re- 
main on the plates as to be equal to the resist- 
ance through the body. In such weak accumu- 
lations as occur in galvanic operations, little more 
can be transmitted through the body, than a 
portion of the fluid with which it is in contact. 
If two fingers be employed, instead of one, the 
sensations will be greater. In a trough consist- 
_ ing of a series of large plates, if three or four 
persons form as many circuits, from the zinc to 
the copper end of the battery, very little diffe- 
rence will be experienced by an additional per- 
son who at this period receives a shock. 

Ifa small metallic wire be extended from one 
end of the trough to the other, such a commu- 
nication will effectually prevent any sensations 
being induced by the application of the hands. 
The conducting powers of metals are so superior 
to those of animal bodies, as to have, compara- 
“tively, a small portion of the fluid on the plates; 
and hence what they transmit will be in propor- 
tion tothe surfaces. But so imperfect a conduc- 
tor as the human frame, transmitting merely the 
portion with which it is in contact, can then 
only convey what is more than a balance for 
| ty its 
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its resistance * ; all the plates possessing equal 
intensities, will give out equal quantities, there- 
fore the sensation will be nearly in proportion to 
the series and not the surface. 

Some idea may be formed of the great degree 
of resistance, in the passage of the galvanic fluid 
through animal substances, by the following fact ; 
that if, in the case of a powerful accumulation of 
three or four hundred plates, five or six persons 
form a circuit, the sensation is very trivial, when 
compared to the one experienced by a single 
person by whom the circuit is formed. 

As I could not observe any sensible difference 
in sensation, from a battery consisting of 50 
square plates, the sides of the squares measuring 
_each two inches, and from a battery of the same 
number of plates, the sides of which measured 
- four inches, notwithstanding each of the plates 
of the latter exposed a surface four times greater 


than that of the plates of the former, I was in- _ 


duced to suppose that the same rule would hold 
good with batteries constituted of still smaller 
plates. | 


Pe 
. peg 
a 4 ic 


* Supposing the intensity of ele&ricity to be equal to ten, 
and the resistance of the body equal to 6, it is evident that 4 
will express the quantity transmitted. If the resistance of a 
‘metallic substance be supposed equal to 1 only, then the 
quantity transmitted will be equal to 9. | 


To 
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To determine this, I constru@ed a battery of 
six hundred plates, each measuring on one of 
its sides only three-fourths of an inch*, and ex- 
posing a surface of very little more than the 
half of a square inch. ‘The shock from two | 


hundred of these plates was violent ; but not 


quite equal to that of the same series of larger 


plates. After the first shock, the second was 
very feeble; the third still fainter; and so on 


until the tenth, which was hardly discernible. 
A circuit formed with the whole of the battery 
was at first so extremely violent as to produce a 
very unpleasant sensation; but every successive 
communication became weaker and weaker, till 
about the tenth shock, when it was so faint as 


scarcely to be felt. 


This I found to be invariably the case when, 
the communications were made rapidly; but 


when I left an interval of about five minutes, 


every succeeding shock was equally violent. 
These curious facts will, I presume, tend to 


the elucidation of the reasoning above stated. 


When a large metallic surface is acted on, 


‘upon the abstractions of a certain portion of 
‘electricity, the remaining quantity becoming 


* The plates measured one-fourth less when cemented, 


from a portion of the surface being covered with the cement 
employed: the measure given, is what was Di aati to the 


action of the fluid. 
equally 
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equally diffused, the intensity at that mstant, 
supposing no more to be decomposed, wil be in 
the proportion of the remaining quantity to the 
quantity which existed previously to the abstrac- 
tion. 

_ Supposing the quantity of electricity on the 
surface of a large plate to be estimated at one 
hundred thousand, and the quantity abstracted 
by the contact of an animal body to be equal to 
ene hundred, it is evident that the intensity of 
the eleAricity on the plate, after the abstraction, | 
will be lessened by one thousandth part only. 
A plate having a tenth part of the dimensions of 
the former, will have a quantity equal to ten 
thousand; and, after the abstraction, its inten- 
sity will be diminished one hundredth part only. 
In either case, the constant decomposing process 
will supply the deficiency; insomuch, that the. 
subsequent actions will appear uniformly equal 
from a plate of either size. 

If the metallic plate have only the hundredth 
part of the size, the quantity of electricity will, 
in the same proportion, be expressed by a thou- 
sand. One hundred particles of ele@ricity being 
abstracted, the intensity on the plate will be di- 
“minished one tenth. The oxydifying process, in 


ig “going on, requires, to supply this deficiency, a 


- ‘time which is not required in the case of the 
larger plates. 
From 
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From the above observations it will appear, 
that there are certain limits relative to the size 
of the plates; and that the: oxydifying process 
is a very gradual operation *, 

As the cells of a battery, or the interposed 
discs of a pile, are replete with fluids, which are 
good conductors of electricity, it;was presumable, 
on an early view of the subject, that an equali- 
zation would take place. | 

That this does not occur, has been conjectured 
by several experimenters, to arise from the im- 
perfection of the conducting medium. This is 
not, however, the cause; and on a strict inquiry, 
we shall find the fact to be consonant to com- 
mon electric charges. Suppose Fig. 4, Plate VII.’ 
to represent a small battery, and 1, 2, 3, to con- 
stitute the cells: if the inéquality were owing 
_ to the imperfection of the conducting medium, 
this would be ascertained by the interposition of 
a metallic substance connecting one plate with 
another. With this view 1, 2, 3, are made to 
represent pieces of thick copper wire, » placed 
from one plate to another. With this conduét- 
ing medium, the best we have, the charge i bi 
however, m no degree diminished. 


wt 


P+, 


* Tt is upon this principle, that a battery consisting of small 

_ plates is more readily oxydated than a series of large plates, 
although under equal operations. 

The 
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The establishment of a communication be~ — 
tween the zinc surface of one plate, and the 
copper surface of the next, cannot, upon the 
principles of charged jars, produce an equaliza~ 
tion. | 

A simple galvanic combination is to every 
purpose and intent a Leyden jar; and the Vol- 
taic accumulation, the battery. 

Instead of two metallic plates, let us substi- 
tute two Leyden phials; and we shall find the 
results precisely the same. Let these two jars 
be charged, afterwards disengaged from the 
prime conductor, and then placed on an ins 
sulating stand. When they are in this situation, 
on a communication being formed from the out- 
side of one jar to the inside of the other, the 
electrical effects will not-ensue, although a com- 
munication is formed between the sides of two 
jars, in contrary states of electricity. Consonant 
to the theory I have already laid down, the 
charges of a jar take place in the portion of air 
alone which is contiguous to the surface of the 
glass; the columns withinside consisting of elec- 
tricity without air, and the columns contiguous 
to the outside coating being constituted of air 
3 without electricity. When these columns are in 
the. above state, in consequence of their re- 
| ciprocal actions and re-actions, a change cannot 
“be induced on one of the sides, unless by acom~ 

munication 


, 
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Munication with the other side. To produce a 
discharge, a circuit must be formed from the 
inside to the outside of the same identical jar; 
and not to the outside of another jar. I should 
presume that the application of this stage! to 
the explanation of the phenomena of the gal- 
vanic plates, is very obvious. To produce an 
equalization, it is necessary that a communica- 
tion should be formed between the copper and 
zinc surfaces of the same plate, In effecting 
this, it is not necessary that the conducting me- 
dium which forms the circuit, should be in ac- 
tual contact with the copper and zinc surfaces : 
it suffices that it should enter into the liquid 
contiguous to each of the surfaces. This is an 
additional proof that the defect of equalization 
does not depend on the imperfection of the con- 
ducting medium. When a diluted acid is em- 
ployed, as the fluid, its conducting Pia. are 
very superior to those of water. : 

In discharging a galvanic battery, the sensa- 
tion will be in proportion to the number of 
plates between the points of conta. We will 
suppose the trough ABCD, Fig.2, Plate VII, 
to consist of sixty plates. If, between B and 1 ; 
there are fifteen plates; and between 1 and 2: ~ 
2 and 3; and 3 and C, the same number; ari. 
if one of the hands be applied at B, and the 
other at C, the whole force of the battery will 
VOL. Ils” Bb : be 
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be expatiendedl But if one of the hands be all 
plied at B, and the other at 1, only one fourth — 
of the shock will be felt t; and it is consequently i; 
in proportion to the number of the plates be- 
tween the two hands. In this way a given . 
power of electricity is divided into any re 
quired minute portions, with an accuracy which 


cannot be imitated on the common eledtrical. ~ 
apparatus. 

When a communication is formed between 
B and C, it appears, at a first view, to contro- * 
vert what has been already stated, relatively to . 
the necessity of connecting the zinc side and the i 


copper side of the same identical plate, in order — 
to produce a discharge; seeing that the charg 3 


of all the plates are thus communicated. Upon 7 
a little reflection, it will, however, be obvious, that _ 
this is a necessary result, and a powerful con-. 
firmation of the doétrine already laid down. 
When one of the hands is applied at B, sup- 
posing the latter to be what is termed the cop- 
per part of the trough, and the end C the zine” 
part, the hand at B is not only in contact with ~ 
the copper surface of the first plate, but, on ~ 
account of the regular chain of good conducting — 
media, is also connected with the copper surfaces 
of the other plates. In the same way the hand ~ 
ateO, whieh touches the zinc sur rom of the same. I 
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tion, in conducting union with the zinc surfaces 
of all the plates towards B. Let us suppose the 
plates alone, from B to 1, to be under the gal- 
vanic action; and the ae from 1 to C to be 
filled with pieces of charcoal: upon forming 
the communication between B and C, the united 
powers of fifteen plates will be eet. 
Now, the plates from'1 to C, in this case, act 
merely as conducting media. It is precisely the 
same when all the cells are filled with an acid 
solution. This fluid keeps up the connexion of 
the chain from plate to plate; and they then 
reciprocally act as _ conducting media to each 
prher | 

these ie ations may be perceived the 
Men of the cells being insulated in such a 
way as that the fluid cannot pass from one to 
the other. If such a communication should 
exist, there would then be a connecting medium 
from the copper surface to the zinc surface of 
the same plate. On this account it is necessary 
that each plate should be well cemented in 
the apparatus. . When a. battery is carelessly 
made, the appearance of the plates will evince 
‘the non-insulation of the cells. As was before 
observed, the oxydifying process can only con- 
tinue in proportion as the decomposed electricity 
is disengaged. Thus.the plates which constantly 
have a conmeging and. conducting medium from 
» Bho Shae the 


at 
¥ 
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the copper surface to the zinc surface, are rapidly” 7 
oxydated ; while the other plates merely undergo 
changes, at each of the instants when the cir- 
cuits are completed. | . 

In combining several batteries*, care should — 
be taken that they be nearly of equal force. If 
an imperfect battery be mterposed, the united 
power of the whole will be merely equal to the © 
same series of the imperfect one. In pro- a 
cesses of deflagration, a battery — consisting 4 


* If an imperfect battery, consisting of fifty plates, be ~ 
united with five good batteries having the same number of — 
plates, the effet of the whole will simply be equal to six © 
{imes the power of the imperfect battery. Supposing the im= ~ 
perfection to arise from the non-insulation of the cells, the — 
same circumstances which occasion its own charge to be 
weakened, will proportionably prevent the transmission of / 
higher charges from another battery. 

.# If a battery of plates, having a surface of thirty-six inches, - 
be connected with another battery of plates having a surface 
of one hundred inches, their combined effets will differ but 
little from the proportion of their surfaces. But if to these 
two batterics, another with plates, having an inch only of 
surface, be added, the power of the whole will be diminished. ~ 
It is the same with ele&ricity. If three jars. of different 4 
sizes be charged, one exposing a surface of coating of a‘ 
foot in dimension, another of half a foot, and the third of © 
one-fourth of a foot, their united powers will be very little 
more than would result from thrice the surface of the smaller © 
jar. . 
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wef small plates should not be ranged with a 


battery having large plates, 


jpe effects of the 


latter being diminished ponsiat ably by the for- 


#iCT. 
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CHAP. XXXII. ‘ 


On the decomposition of water, by Messrs. Can- — 
LISLE and NicHoLtson—RicutTeEr’s experiments — 
to shew that the effects are contrary to the theory 
of Lavoisten—Remarhs on the inaccuracy of i 
the above experiments—Dr. GipBes’ new theory — : 
—Dr.Woxtaston and Dr. Pearson on the ~ 

decomposition of water by eleétricity—On the ‘ 

decomposition of inflammable fluids-—Remarks j 

on the decomposition of water—Con eae ‘eS On 


i 
this operation. ie 


& 
P 


IT has been frequently remarked, that Great} : 
Britain has given birth to very few philosophical! 
discoveries ; ; and it has been conjectured that its 
- inhabitants do not possess the lively and inven- 
‘tive imagination necessary to their production. 
Although France can boast a LaLaANDE, a La-} 
piace, and a Lacrancs, as well as a Cuaprat, | 
a BerTHoLLET, a Guyton,’a Fourcroy, and ay 
Vavevrnin ; and notwithstanding Italy has rea- 7 
son to be proud of Forrana, Voura and Gat- | 
vant; still I presume that we shall not sink m 
scientific estimation, while we can reckon such © 
_pames. as those of a CAyENDISH, a hae 


- 


* 
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a Kirwan, anda Banxs. Whatever superiority 
of invehtion the continental philosophers may 
claim, science is, in general, indebted to our ex- 
perimenters, for the perfeétion of the discoveries 
which have from time to time been made. 
Relatively to galvanism, which is become a 
new branch of natural philosophy, the labours 
of the British philosophers have been eminently 
distinguished. The earlier periods of galvanic 
researches were enriched by the valuable obser- 
vations of Monro, Fowxer, Ropison*, WELLS 
and Hunrer; and since the discovery of the 
Voltaic pile, Messrs. Nicnonson, Cartiste, 
Wottaston, CruicxsHank, Davy, Pepys, 
&c. have devoted to this science considerable 
attention ; insomuch, that their inquiries have 
been disseminated through every civilized coun- 
try, by the highly respectable media of Nicuot- 
son’s Journal, and ‘Tintocn’s Philosophical Ma- 
- gazine. | 
Soon after Vorra’s etl a dnitbion ‘G Sir , 
Joseru Banks, that distinguished patron of the 
sciences transmitted the particulars to Messrs. 
Cariiste and Nicsorson, from whose scienti-- 


* This gentleman ought not to be confounded with a French- 
m2n of the name of Rosertson, who has exhibited a large 
Voltaic pile in Paris, and by whom the origuare | phantasma- 
goria was exhibited in that capital. 
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fic skill he had reason to expect that the experi+ 1 : 
ments of Vorra would be repeated with every 7 
requisite attention. Upon the pile being con- 4 
structed, and the communication forme sd, Mr, @ 
CaruisLE perceived that several bubbles of air 4 


were disengaged from the moisture on the top ~ 


of the pile. From the smell Mr. Nicnouson 
conjectured it to be hydrogen gas ; and. that, 
. during the process, water had been decomposed, 
"It had been asserted by Creve, four or five years 4 
before, that in every galvanic operation water is — 
decomposed; but this was merely conjeGure, 
‘wwnsupported by any proof, and cannot therefore 
have diminished the merit of the real discovery, 7 
It occurred to Mri Nicuonson, that if the shock 7 
were to be transmitted through an interrupted — 

circuit m water, the fact of the Jecnasiellten | 
would be ascertained, With this view he con- — 
structed an apparatus similar to the one described — 
by Fig. 3, Plate VII.*in which AB represents the - 
Voltaic pile, and C Da glass tube filled with water, — 
a wire proceeding from the upper part of the — 
pile into the tube at C, and ending at e, while 
another wire passes from the bottom of the pile — 


through the end D towards f, leaving an inter- ; ; 


ruption, e, f. ‘The apparatas having been thus @ 
arranged, one of the wires was observed rapidly 3 
to give out a gas, which, on examination, proved = 
to be hydrogen; while the other became oxy- — 

dated. 
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~ 


dated. When wires of gold or platina were em- 
ployed, these being non-oxydable metals, oxygen 
was, as well as the hydrogen gas, given out. It 
was invariably remarked, that the wire connected 
with the zinc end of the battery gave out oxygen, 
and the other wire hydrogen gas *. 

When the above curious experiments were re- 
peated in Germany, by Ricurer and others, it 
having been observed that a decomposition of 
the water took place, even when the wires were 
at a distance from each other, a doubt was en- 
tertained relatively to the accuracy of the de- 
composition. When the wires are separated by 
a space of two inches even, air is given out freely 
at both of them, the one giving out hydrogen 


* I find the arrangement represented by Fig. 2, Plate VII. 
to be more convenient. <A wire, r, which slides on one of 
the plates, supports a brass cup, in the centre of which isa 
pair of brass pincers holding a piece of gold wire; over 
these pincers a glass tube is placed, having at its extremity, 0, 
a piece of gold wire sealed in with a glass, which should not 
touch the wire at . ‘The tube and brass cup being filled with 
water, a wire, onm, connected with the top of the glass 
tube, joins the other end of the battery, by which means the 
circuit is completed and the decomposition goes on. As the 
gases are disengaged, they rise up to the top of the glass tube, 
and, pressing the water into the cup, the process will go on 
till the whole of it is pressed beneath the ae wire. The 
operation then ceases. 


gas, 
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gas, and the other oxygen gas. As water is 
supposed to consist of oxygen and hydrogen, it 
becomes difficult to conceive how one and the 
same identical particle of water can be acted 
upon by the two wires at one and the same in- 
stant. One component part of a particle of 
water cannot be disengaged without the other 
component part being developed ; and had this 
“€onjefture proved to be founded, it would have 
militated against the Lavoisierean theory. Ricu- 
TER, ON a supposition that the same identical 
particle of water is not ated upon by both wires, 
constructed an apparatus with a view of proving, 
that by having recourse to two separate portions 
of water, one could be so arranged as to give 
out hydrogen without oxygen, ane the a 
oxygen without hydrogen; and that consequently 
this would be a demonstrative proof that the 
same identical particle of water is not decom- 
. posed by the two wires. | 
With this view he arranged an apparatus simi- 
lar to Fig. 2, Plate XI. ABC being a curved 
glass tube placed in a glass vessel of water, A, 
and E two small glass bells suspended on a 
rod, ZC. These bells are filled with water, and 
placed over the aperture BC of the tube; at B 
a gold wire enters the tube, and has its outward 
end connected with the zine end ‘of the battery. 
At C is a similar wire in union with the sae 
end 
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end of the battery. The part of the tube A, 
is filled with sealing wax, through which runs a 
small gold wire. When the apparatus has been 
thus arranged, Ricurer asserts, that in the bell 
A there will be hydrogen, without the other 
component part of the water; and in the bell 
E, oxygen gas without hydrogen *. 

To ascertain this point correctly, I placed at 
the zinc and copper extremities of a large battery, 
as at Fig. 6, Plate VI. two glasses for the de- 
composition of water, such as are described at 
the commencement of this chapter. By con- 
necting the upper gold wires only, in the tubes 
ab, with the wire cd, the principles of the ap-_ 
paratus being precisely the same as those of the 
one described by RicurTer, in this case the gold 
wires in each of the tubes of water, were ob- 
served to give out gases freely; but when so 
much air was given out as to press the water be- 
low the upper gold wire, the operation ceased. 
The battery I employed consisted of sixty plates, 
each exposing a surface of sixteen square inches. 
Upon disengaging the wire from 4, by applying it 
to the last plate in the battery at N, and moving 
the glass a till the two gold wires were brought 


* This is not precisely the apparatus RicuTeR employed ; 
but the prineiples are the same. 


nearly 
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nearly into contact, a luminous spark was given 
out, and an explosion ensued. On connecting 
the wire c d, with the gold wire at 6, and, de- 
taching the other end from a, applying it in 
a similar manner to the last plate towards M, an 
explosion also took place at 6. To succeed m 
this experiment the gold wires in the pincers are 
so raised up, that upon moving the glass tubes 

ackward and forward they may be brought inte 
contaét with the upper gold wires. 

These explosions demonstrate the existence of 
both hydrogen and oxygen. By the above mode, 
the elastic fluid which is produced is never dis-~ 
turbed from the tubes, When a weak pile is 
employed, the wire connected with the zine 
end of the battery is scarcely perceived to give 
out any gas. To this circumstance | attrib 
Ricurer’s error, Independently of this, the 
“test to which he subjected the generated air was 
very inaccurate. I am not aware of any experi- 
ment in which hydrogen gas is given out, as a 
component part of water, without it being possi- 
ble also to detect oxygen. 

The decomposition of water by electricity *, 

| seceetiaal 


* Dr. Pearson supposes the decomposition of water by 


eleatricity to be cffeed by the interposition of the dense elec- 
tric fire, between the constituent elements of the water; which 


he 
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according to the mode suggested by Vaw MA! 
RUM, 1s a very tedious process. Dr. W oLLaston, 


he places beyond the sphere of attration for each other, each 
ultimate particle of oxygen and hydrogen uniting with a de- 
terminate quantity of the electric fire, to bestow on them their 
gaseous form. Hence the Door supposes that the ele@ric 
fire, after effeGing the disunion, assumes the state of eure 

On the reproduction of water by the passage of an cle@rie» 
spark through a proportionate quantity of oxygen and hydro- : 
gen gases, Dr. Pearson ingeniously conjectures, that by the 
influence of the electric fame, the ultimate particles of these 
gases, the nearest to the flame, are driven from it in all dix 
rections, so as to be brought within the sphere of each others” 
attraGtions. In one of these cases, Dr. Pearson supposes that 
the caloric destroys the attraG&tion, which in the other instance 
it occasions. 


it is with diffidence that I take on me to controvert the 
opinions of this very respeCtable physician; but I presume that 
the whole of the phenomena of the synthesis and analysis of 
water, are more readily to be explained on the principles I have 
laid down, than by the adoption of the mysterious terms of 
attraciion and repulsion. By the operation of ealvanism, water 
is more rapidly decomposed than by common electricity, In 
"this operation there is no evolution of dense eleétrical fire; but 
merely a current of a small intensity of electricity acting per- 
manently and incessantly. To reproduce water, a flame must 
be generated sufficient to kindle the contiguous portion of the 
nydrogen gas, then the next portion, and so on, the com- 
bustion being preserved by the presence of the oxygen gas, 
As these processes proceed with immense rapidity, as soon as 
the gases are intermixed, so as to appear like one sudden ex- 
plosion, the caloric of each of them being thus disengaged, | 
their bases unite, and constitute water, 


by 
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by an ingenious contrivance, and by the means 
of very small gold wires, has succeeded in 
decomposing water by the electrical machine, 
nearly in the same manner as is effected by gal- 
vanism. Van Marvum’s method is by an inter- 
rupted explosion ; while in the case of Dr. WoL- 
LASTON’S, the betas is tranquil and pro- 
gressive. 


“The decomposition of water by galvanism, 
is of great use in the elucidation of its decompo- 
sition by electricity, which has excited so much 
the attention of philosophers. It has appeared 
difficult to comprehend how an electrical explo- 
sion should effect a decomposition of water ; and, 
when it has been decomposed, should occasion its 
re-composition. 

By the galvanic operation, we find this lt 
ie aes by the passage of a constant current 
of a small intensity of electricity, passing through 
an imperfectly conducting medium. The re- 
sistance it meets with occasions the separation 


of the constituent parts of the water, the actual 


et 2 ee 


substance of which is pervaded by this subtile 
principle, which thus breaks the bond of union 
of its constituent parts. 

- When these gases are inflamed by the electric 
spark, it is not the electricity which direétly 
‘occasions the explosion ; it being produced by 
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the caloric elicited* from other substances, by 
the interrupted passage of the eleCtric fluid. 

When water is decomposed by the process de- 
scribed by Van Marum, the effet is occasioned 
by the passage of the electricity. The spark 
may be considered as a casual attendant. 

It is a curious and remarkable fact, that inflam- 
mable fluids, such as oil, alcohol, &c. cannot be 


decomposed by the galvanic process, unless by” 
the medium of the passage of a spark. Thus, in 
fig, A, Plate V1. supposing C D to represent a 
glass vessel half filled with alcohol ; let AB be 
two pieces of well prepared charcoal, one of them 


‘connected, by means of a wire, with the zinc 


end of a powerful battery, and the other piece 
joined in the same way to the copper extremity. 
Ae often as the ends EF, which are immersed 
in the alcohol, are brought into contad, a bril- 
liant spark is produced, and bubbles of air are 
given out. Upon continuing the process, pro- 
vided the battery be very powerful, the spirits 
will almost boil. ‘The air, which is rapidly dis-. 


* Ele@ricity, when it breaks through resisting media, pro- 
duces an explosion proportionate to the resistance it overcomes. 
It disengages light and caloric from the body through which it 
passes; and the caloric seems to be disengaged, in the same. 
way as it is liberated. by bodies in a state of combustion, 
Eleétricity will however inflame warm spirits, which a heated 


body cannot do, 
engaged, 


384 DECOMPOSITION OF WATER 


engaged, when collected in a receiver, proves to 
consist of carbonic acid gas, and hydro-carbonate 
gas. As alcohol is composed of oxygen, hydro- 
gen, and carbon, at the instant of decomposition 
new combinations take place. The nascent 
hydrogen, uniting with the carbon, constitutes 
the hydro-carbonate ; and the remaining por- 
tion of carbon, blended with the oxygen, forms 
the carbonic acid. The same results follow the 
decomposition of oil *. 

The decomposition of water by galvanism is 
governed by the laws which apply to animal sub- 
stances. The rapidity of the decomposition is im 
proportion to the number of the plates, and not 


* ih] Marum succeeded in decomposing various sub- 
stances by electricity, after its intensity had been considerably 
diminished by its passage through an exhausted vessel. 

When a spark of cleétricity, sent throngh a vacuum, is made 
to strike on water previously divested of its atmospheric air by 

boiling, air is abundantly given out. 

When alcohol is subjected to this process, an air. which 
proves to be hydrogen gas, is rapidly given out. On caustic 
ammonia being ea/ployed, a column of air, of twenty-one 
inches, was produced in five minutes. The ammonia gave out 

“hydrogen and azote. The air produced from the water was 
hydrogen. In concentrated sulphuric acid no change was 
induced. The carbonate of potash did not give out any air ; 
but the carbonate of ammonia gave out gas rapidly : solutions 
_ of silver, copper, iron, lead and quicksilver in nitrous acid, 
and of gold in aqua regia, did not afford any Precipitation 


when a platina wire was employed. Rat 
to 
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to the surface; till we reach the limits particu- 
larized in speaking of the influence of small 
plates. In the battery of 600 small plates before 
described, the decomposition is by no means 
_ equal to a battery of 60 plates, each of which 
has a surface of four inches. . 
Dr. Gisses, of Bath, a gentleman of consider- 
able scientific acquirements, having deduced from 
the experiments of Ricurer, that the theory — 
which makes the component part of water to 
consist. of oxygen and hydrogen is incorrect, 
submitted to the Royal Society a very ingenious 
hypothesis *, intended to controvert the present 
received chemical doétrines. From the observa- 
tion that the wire connected with the negative 
part of the battery gives out hydrogen gas, and 
the one connected with the positive side oxygen | 
_gas, he supposes water to be an element consti- 
tuting the ponderable part of the oxygen and 
hydrogen gases, and the eleétricity to consist of 
two distinct principles, viz. positive and negative. 
The positive electricity, united to water, consti. 
tutes, according to him, oxygen gas; and the 
negative electricity forms, with the water, the 
hydrogen gas. As Ricurer’s experiments have 
been found to be erroneous, the ingenious super- 


* This paper. is not published. I was bea at the Royal 
Society when it was read. 
VOL. II. ce struc- 
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struGure Dr. Grgzzs has.erected must necessarily 
fall to the ground. 

It is, however, a curious circumstance, that, 
water should be decomposed by two wires situ- 


“ated remotely from each other. To ascertain 


whether any particular current could be per- 


ceived, I placed a tube of water under the de- 
composing process, in my solar microscope, and — 


applied to it a lens of about one eighth of an 
inch focus. The distance of the sereen was six 
feet; and consequently the magnifying power 
was equal to more than three hundred thou- 


sand times*. Thisexperiment forms one of the . | 
most beautiful microscopic sights I ever beheld. 2 
The two gold wires, bemg thus highly magni- y 
fied, the disengaged particles of air appear like © 
so many balls in rapid motion. I could not ob- 
serve any difference in the sides of the wires, J 
which might have induced a suspicion of the 


a 
ss 


estimated according to the do@trine of similar triangles, the in- — 
terseCling lines being in the centre of the lens, the area of any 


* As the magnifying powers of the solar microscope are. 


image on the screen will necessarily be in the inverse propor= ‘ 


tion of the distance of the object from the lens, compared with } ; 
the distance of the cbje&t lens from the screen. The object & 
_ being placed at the focal distance of the lens, viz. one eighth of © 


an inch, and the screen on which the image falls being six ~) 


feet from the lens, or 72 inches, we shall have 77 x { = 5703 4 


and the surface exposed will be 576 x 570 = ss 33 1776. 


passage 


BY THE GALVANIC PROCESS, 387 


passage of a current from one of the wires to the 
other. , 

In attempting an explanation I have in- 
dulged in some conjectures. I have already no- 
ticed, that oxygen gas, when condensed in an in- 
sulated ball, gives out greater signs of electricity 
than are evinced by the condensation of the 
other gases. 

Oxygen gas isto be considered as a compound 
of oxygen base, of caloric and of electricity, while 
the base of hydrogen appears simply to require 
ealoric to bestow on it a gaseous form. 

Suppose A and B, Plate IX. Fig.1, to represent 
two wires in a tube of water, A being the wire 
connected with the copper end of the battery, and 
B the one connected with the zinc extremity. Let P 
represent the particles of water round the wire B; 
and N the particles round the wire A. In what- 
ever proportion the particles round B are influ- 
enced by the surcharge of electricity in the wire | 
8B, so, in the same proportion, the particles of 
water round the wire N will be influenced by the 
negative state of electricity. These changes di- 
minish, in the duplicate ratio of the respective 
distance of the particles from the wires. Sup- 
posing C to be the central point between the 
above two wires, at this point a change will take 
place, because the particles of water at 3, 2, 1, 
have lost a portion of their natural electricity, 

reg? by 


_the base of oxygen, must acquire caloric and 7 


“sequence of the addition of the electric principle. 
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by their contiguity to the negative wire A. The — 
portion 3, which is the nearest, has been the a5 
first to lose; 2, the next; andso on. The par- E | 
ticles of water round P have a surcharge, which ; 
at 6 is greater than at 5; and consecutively. 
The particles of water at C are the particles x 
of communication, which are first subjeGed to — 
the mutual influence of the two wires. When q 
the constituent parts of water are disunited, and ~ 
resolved into their omen and hydrogen bases, in 3 
order that they should assume a gaseous form, ~ 
they must be united with other principles. Thus — 


electricity ; and until this has happened, it will ~ 
not assume an elastic form. At the instant of - 
disengagement, its capacity for electricity being 
increased, in obedience to the general laws of 
Nature it will move in the direction in which it 
meets with the least resistance, and which will 
be towards B. As soon as it is in conta@ with 
the wire, it will assume the gaseous state, in con- 


In the same way the hydrogen base, having its 
capacity for electricity diminished, will be simi- 
larly determined towards the wire A. " 

When pure ammonia * is placed in the glass @ 
tube instead of water, the decomposition is €X—" 


r 


¢ i 


. * Dr. Movzs’ observations. 
tremely 
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tremely rapid, and the gases which are evolved 
consist of fifteen parts of hydrogen, thirteen 
of azotic gas, and nearly two of oxygen. 
When, instead of a gold wire, a copper wire is 
employed, it becomes converted into a green 
oxyd, which must be the result of the aGtion of 
an acid, the pure oxyds of copper being of a 
dark red or deep brown. This acid appears to 
be no other than the nitrous, formed by a com- 
bination of the oxygen and azote. When me- 
tallic solutious are placed in the glass tube, the 
decompositions are very beautiful; and the de- 
oxydated metal is precipitated on the wire con- 
nected with the copper end of the battery. 


, ceo (ae CMA, 
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CHAP. XAT. 
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Hy, 


vanism on metallic Wheat Pa Pat ' 
oxyds produced by electricit y—The deflagration a 
of wires and laininated metals, on their oxyda-— 
‘tion—Effeds of deflagration on the gases—~ 
BruGnatreLyi on. eleclrats—Vax Maru on q 
the effects of combustion on quicksilver. | 


I HAVE been given to understand, that it 
was with the celebrated electrical apparatus at 
Haarlem, made by Mr. Curuzerrson, that the 
beautiful metallic oxyds were first struck upon 
“ paper, each of the metals having produced its 
peculiar characteristic tint. The mode of pers 
forming these curious experiments is represented 
in Plate 1X. Fig. 2. AB is a plate electrical 
machine ; CD a battery exposing a coated sur- 
face of about 18 feet ; and RG a fine metallic” 
wire, secured by pins in such a way as to be 
raised from the paper about one- eighth of an 
inch. Upon discharging the battery by the rod 
E, the wire explodes, and is dissipated in the ai . 
| Having been dispersed in every direction, a “pore 
tion of it strikes on the paper, on which it 7 
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presses beautiful rays. A representation of these 
rays is given in Plate X., in which six of the 
metallic oxyds are tinted. ig. 1, represents 
the appearance produced: by gold wire; 2, the 
one produced by silver wire ; 3, by copper wire ; 
A, by iron wire; 5, by tin wire; and 6, by 
leaden wire. 

A powerful charge of eletricity oxydates a 
considerable length of metallic wire ; while gal- 
vanism acts on successive portions of the metal, 
whenever it is excited by a condudling medium. 
Eleétricity produces all its effects by one sudden 
and violent discharge; while galvanism operates 
by its continual current*. It is on this account, 
that the sensations produced by their diverse 


» 


* The rapidity of this current cannot be ascertained. 
Vaxur employed conductors 200 feet, and ALpin1 300 feet, in 
length, without being able to perceive any difference. When 
- bodies move with an extremerapidity, it is impossible to ascer- 
tain their velocity, unless a proportionate extent of space should 
enable an observation. te be made, which is not the case with 
ele@ricity or galvanism. ‘The motion of light is determinable ; 
and notwithstanding its velocity is immense, in passing through 
immense distances, the time it occupies in its transit is ascer- 
‘tainable, from such remote bodies as the satellites of Jupiter, 
and from the aberration of the fixed stars. Still, in so small 
a compass as the human body, physiologists have been vainly 

employed, in determining the supposed velocity of the nervous 
fluid, the existence of which is indeed hypothetical. 
ccA actions, 
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actions, are materially different. The electric 
shock, from a very smali jar, operates on the 
body by a sudden and percussive effect; while 
the one which follows the galvanic process seems 
to arise from a constant current, attended by a 
jarring and tremulous sensation. | 
All finely drawn metallic wires are rapidly 
burned by means of a lar ge galvanic battery, the 
| powers of which are in general ascertainable by 


the extent of fine steel wires, such as the pendu- | 3 
lum springs of watches, which the battery will 7 


- Instantly render red-hot. This constitutes the 
most correct galvanometer ; while the other, on 
which I have already touched, ought to be termed 
a galvanascope. A powerful battery, such as the | 
one I generally employ, will induce a red heat on — 
several inches of the above steel wire; and in 
_ this way Lam enabled to ascertain whether Ae 
battery is in proper order. ri 
To deflagrate finely laminated metals, good — 
charcoal is the best medium which can be em- 
ployed. As the substance of the metallic leaves, 
when laminated, is much thinner than that of — 
any wires which can be drawn, the deflagrations 
are more brilliant, and the light extremely vivid. 
Some metals exhibit a different ae ance from 
others. 4 
Gold leaf, having the thickness of the: wadeod a 
part of an inch only, is not merely deflagrated, 
: ane ‘. abut 
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but is likewise completely oxydated, and reduced 
to a purple powder. | 

Silver leaf, which is thicker than gold leaf in 
_ the proportion of 7 to 4, is likewise converted 
into an oxyd, and exhibits a beautiful greenish 
light. We thus see that, by the powers of gal- 
vanic electricity two metals which resist the ut- 
most force of our most powerful furnaces, are 
rapidly oxydated. | 
Copper leaf, or, to speak more corredily, brass 
leaf, being the yellow Dutch metal made from 
copper plates, by cementation with calamine 
without a subsequent fusion, has a thickness 
nearly five times greater than that of gold leaf, 
In its deflagration, red ignited particles of cop- 
per are detached, on this account, that copper 
requiring a very high temperature before it fuses, 
the ignition takes place first. The copper, be- 
fore it melts, is constantly red-hot, which is not 
the case with tin, lead, &c. The Dutch silver 
leaf, a composition of tin and zinc, about ten 
times as thick as gold leaf, is deflagrated with 
rapidity. 

Tin-foil, which is also a composition of tin 
and zinc, is about 300 times thicker than gold 
leaf. Narrow slips of this substance are also 
easily deflagrated. In short, all metals, if in a 
due state of tenuity, are capable of being defla- 
grated. 2 ae 
| When 


2 
*. 
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When metals are placed under an exhausted 
receiver, they give out light, but are not oxy- 
dated. 

When metallic leaves are deflagrated in carbonic 
acid gas, the light is not vivid; but in oxygen gas, 
the contact is no sooner established, than the me- 
tallic leaves are destroyed with one sudden flash. 

Breenarexsi has conjeCtured, that the a@ion 
of galvanism, in the decomposition of water, 
produces a compound which he apprehends to 
result from the union of the disengaged elec- 
tricity with the oxygen, and which he terms an 
elecirat. This eleétrat is capable of dissolving 
metallic substances. Thus, with copper, it forms 
a beautiful green ; with zinc, a dark grey; and 
with 3 iron, a reddish yellow oxyd. These effects, 
as I have already observed, appear to arise from 
» the combination of nitrous acid and ammonia. 
_ They are probably produced in every galvanic 
. decomposition of water *. 


VAN 


* The atmospheric air, which is held in solution by the 
water, consisting of nitrogen and oxygen, when the water is 
decomposed, the oxygen, united with a part of the nitrogen, 
forms nitrous acid; and the hydrogen, in combination with a 
portion of the nitrogen, produces ammonia. By experiments 
in which I am at present engaged, I am persuaded that gal- 
vanism, on account of its surprizing subtility, and its permeable 
quality, will prove one of our most powerful chemical agents. 

Texped, 
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Van Marvum, in making the circwt through 
quicksilver, noticed a beautiful effect. The end 
of a fine wire having been made to form the 
communication, a powerful combustion ensued, 
which dispersed the mercury on all sides, and 
sparkles, having the appearance of thousands of 
rays, constituting fine suns of several inches in 
diameter, were produced. 


{ expect, by its means, to be soon enabled to ascertain, whe- 
ther nitrogen unites more readily with oxygen, or with hydro- 
gen. From the different facilities of combinations much may 
be deduced, 
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CHAP. XXXIV. 


On the galvanic process performed by particular 
animals—The sentiments of the ancient natu- 
ralists om the torpedo—-The discovery of the 
gymnotus—W atsu’s experiments on the torpedo 
—Huwrer’s dissections —Mr. Nicnouson’s- 
éorpedinal theary—The Voltaic principle ap- 
plied to its explanation—Why torpedoes da not 
give out any light—Muscuenerorx’s albser- 
vations on the gymnotus. 


THE surprizing property of an animal by 
a which it appears to generate, and to determine 
| through conducting media, at its will, a prineiple 
: - which Occasions i in the human body a benumb-_ 


"wdhig fe - 
ak ing ‘sensation, was known to the earliest natu- 


alist” Hivrocrates, Puatro, Turopurastus, 
eitat _Puuny and ALi1an, noticed this quality in a fish 
~ of the ray kind, which was on that account deno- 
minated torpedo. With the fall of the Roman 

- .. empire, all sound learning was lost ; but in the 
sixteenth century science again flourished. Then 

it was that Beton, Ronpsuer, Sanviana and 
GasNER were eminently distinguished for their 
learning. The sentiments, however, of these. 
natii« 


ri . f * 
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naturalists, and the subsequent observations of 
Repi, Borerii*, Sreno, and Reaumur were, 
as well as the inferences they drew, erroneous, 
when they treated of the property of this animal. 

A few years after the discovery of the Leyden 
phial, a congre eel, or gymnotus eleétricus, pos- 
sessing similar properties with the torpedo, was 
discovered at Surinam, and said by Mr. S’Grave- 
SANDE to produce the same effects as electricity. 
This discovery excited the philosophical ardour 


of Mr. Watsu, who instituted a series of expe-. 


riments relatively to this species of animal elec- 
tricity. ‘The effects of the torpedo having been 
ascribed to the same principle, gymmnoti and tor- 
pedoes were brought to England alive, at the 
private expence of this distinguished eletrician ; 


and the experiments which were made left no’ 


doubt as to their electrical properties. roe 


This important discovery having been i intro- 


wi. 

* The ancient naturalists attributed the shock of the torpedo 
to certain frigorific particles ; and, from this reasoning, applied 
this fish, as a topical remedy, to inflamed surfaces. Borex- 
“Lus’s idea is, that the shock is a convulsive sensation similar te 
the one which arises froma blow on the elbow. “ Est tor- 
pedo piscis latus, similis Rajz, molli tamen cute teGus: hee, 
digitis compressa, tremore adeO vehementi concutitur, ut 
manum contrectantis molesto torpore dolorifico afficiat, feré 
simili spasmo illo, qui producitur 4 cubiti concussione super 

_mensam.”--Borecyt. De Motu Animalium., 


duced, 
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duced, as a new principle, into natural philoso- 
phy, the extent of its application was regarded as 
infinite. It gave birth to several very bold con- 
je@tures, and there were few physiologists whe 
were not persuaded that it promised a speedy 
developement of nervous influence, and muscular 
contraction. 

Several of the above animals were dissected by 
the celebrated J. Hunrer, whose observations 
are published in the sixty-third volume of the 
Philosophical Transactions. The cleric organ 
of the torpedo, as represented in Plate XII. con- 
sists of a number of columns, varying in their 
length from an inch and a half to a quarter of 
an inch, their diameters being about two-tenths _ 
of an inch. The columns in each of the or- 
gans of the torpedo, vary in their number from 
400 to 1200, according to the size of the animal. 
These columns are composed of films, or mem- 
branous partitions, distant from each other about 
130 of an inch. From hence will readily be con- 
ceived the extent of surface which is exposed. 

Mr. Nicuozson has, in his valuable Journal, 
endeavoured to explain the action of the tor- 
pedinal system upon the principle of the electro- 
phore. He conjectures the membranes to be 
non- conductor s, and’ the fluid a conductor. At 
the time the above observations were made, they 
‘constituted es most ingenious and probable ex- 

planation — 


we. 
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planation which had been given. But since the 
Voltaic discovery of self-charging metallic plates, - 
however surrounded by conducting fluids, the 
explanation of the animal eleétrical organs, upon 
the galvanic principle, may be readily given. ' 
Vota observes, that the interposed membranes 
answer no other purpose than the discs of moist- 
ened cloth between his metallic plates. I haye 
already attempted to prove how ele&ric charges 
may be produced in organic substances. On 
any action of the animal, the sides of the cells 
having been brought nearer to each other, a 
change as to their state of electricity results from 
their separation. It has already been remarked, 
that the changes induced on animal substances 
are small, when compared with those which are 


effected on metallic surfaces. As the sensation 


is in proportion to the series, and as, in each of 
the above eleciric animals, there are nearly 150 


_ thousand cells, it must ensue, that the extreme 
smallness of the intensity of the fluid, will be 
compensated by the surprizing number of the 


cells. 

However extraordinary this number may be, 
and although a surface of 4000 square inches is 
exposed, still the intensity is not able to remove 
the smallest interval of air, and does not there- 
fore exhibit any light. On this account Mr. 
Hlentey denied that the phenomenon is elec-. 

trical, 
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trical. Three hundred square inches of metallic 
surface will give a luminous spark ; but this only 
takes place when the best conducting media are 
employed. Through water, or through animal 
- substances, no luminous appearance can be pro- 
duced by such an intensity ; and the difference 
of the conducting powers in either case, has 
been already calculated by the learned Caven- 
pisu. In the larger electric animals, the gym- 
noti, luminous sparks have been produced. ‘These 
animals seem to possess this property for the 
purpose of coming at their prey. As they are 
slow in motion, they can, by the means of such a 
principle, arrest the progress of other fishes at a 
certain: distance. MuscuenproEK says that, 
having placed several fishes in the same vessel of 
water with a large gymnotus, they were all killed. 
He adds, that by the introduction of a lobster 
into the above vessel, the electrical animal was 
_ itself destroyed. 
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CHAP, XXXV. 


The function of respiration considered as a gal- 


vanic operation—The lungs are, in structure, 
similar to the torpedinal system—Observations 
on Dr. Crawrorn’s theory of respiration—His 
experiments on the capacities of bodies for heat, 
not correcl—New experiments on steam-—Obser- 
vations on heat—Dr. CrawForp’s estimates of 
the capacities for heat of arterial and venous 
blood—On the theory of the French Philosophers 
as to respiration—Calculations on the quantity 
of oxygen and nitrogen inspired—Cases in which 
there is no circulation ‘through the lungs im 
torpid animals—Remarks on these particular 
lungs—Dr. WeEuts’ remarks on the change of 
colour in the Llood—How far electricity 3 1s con- 
cerned—This principle changes the colour of 
the blood-—Remarks on the circulation—It is 
not general, as supposed—The colouring part of 
arterial blood never returns ly the veins. 


THE various opinions of physiologists, re- 


latively to the functions of the lungs, appear to 
have been finally concentrated | in the doctrines of 


" Dr. Crawrorp and of the French philosophers ; : 


ys 


VOU-llin et sf ae Dd and 
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and these do&trines so nearly coincide with each 


other in their ultimate results, that it is now al- «© 


most admitted as an axiom, that respiration is 
the source of animal heat. 

I should not have presumed to controvert opi- 
nions, apparently so well established, if my argu- 
ments had rested on conjectures only ; but as I 
am persuaded that my opposition to the above 
do&trine is supported by experimental facts, I 
feel myself divested of that diffidence I should 
otherwise have felt. 

The introduiion of remarks on respiration in 
a work on galvanism, may by some be deemed 
irrelevant ; but every idea of incongruity will I 
trust be done away, when I set out by declaring 
my opinion, that respiration is an important 
galvanic operation, and that in their cellular 
stragture, the lungs correspond to the torpedinal 
arrangement. 

From the observations Iam about to make, 
I have reason to presume that the agency of this 
principle will be evidenced in many important 
functions of the animal economy; and that 
many valuable deductions will follow, provided it 
should be made to appear, that this is the stimu- 
lating principle which Nature employs, to rouse 
into action the organized and animated parts. 

Before any such doctrine can be admitted, it 
is previously requisite to examine those already 

laid 


¢ 


ON THE ANIMAL FUNCTIONS; 403 


laid down. If they should be found to be more 


‘simple, and more applicable to the explanation 


of the phenomena of respiration, than the one 
which I presume to advance, a demonstrative 
proof will be given of the erroneousness of my 
theory. But if, on the contrary, the generally 
received opinions should; on examination, be: 
found insufficient, this consideration will, I hope; 
plead in excuse for my smiles to introduce a 
system of my own. 

. In the following inquiries; gome deductions 
(hiali I shall make, will perhaps, at first sight, 
be considered as bold and conjectural. I offer 


them however to the public, not as a rudis indi- 


gestaque moles; but as the result of long and ma- 
ture reflection. They have been read before 
several of the London medical societies; where 


_ they found so little opposition; that I consider 
them to be stamped by the approbation of the 


learned members. 

My review of the doGtrine of Dr. Crawrorp 
and of the French philosophers will not be mi- - 
nute, it being merely intended to shew that they 
are not adequate to the explanation of the phe- 
homena of respiration. 

Dr. Crawrorp’s theory is deduced font the 
different capacities of bodies for heat: By an 
extension of the experiments of FanrenHeErr, 


e Brack and Irving, he was struck with the aps 


pd2 parent 
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parent difference between the capacities for heat 
in arterial blood and in venous blood. Con- 
ceiving this change of capacity to have taken 
place in the lungs, he conjectured respiration to 
be the source of animal heat. To demonstrate 
this, he instituted a variety of elaborate experi- 
ments, which appeared to him to confirm the 
supposition he had made. 

By capacity, Dr. CrawForp wished to be un- 
derstood, the power in a body to colle¢t and retain 
heat. He accordingly proceeded to investigate 
the capacities of the principles which are con- 
cerned in the office of respiration, viz. oxygen 
gas, azotic gas, carbonic acid gas, vapour, arte- 
_rial blood, and venous blood. In this order I 
shall cursorily examine his doétrine. 

Dr. Crawrorp’s mode of ascertaining the 
capac city of any fluid, was by exposing a known 
quantity of it to a certain temperature, and then 
immersing it in a vessel of water, or oil, and 
observing how much heat it transmitted. ‘Thus, 
having taken two tin vessels of an equal size and 
weight, each containing 37.91 cubic inches, one 
of them filled with atmospherical air, and the other 
with pure air, while the temperature of the room 
was at 58°. 1; these vessels, after having been 
heated in boiling water for ten minutes, were 

each of them plunged in vessels of the same size, 
wes containing twenty ounces of water. This 


being 
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being added to the capacity of the vessel, was 
equal to 21.23 ounces of water. The vessel of 
atmospheric air heated the water to 59.5 ; while 
that of pure air heated it to 59.7. The air termed 
pure air consisted of two-thirds oxygen and 
one-third azote. The atmospheric air, of one- 
fourth oxygen, and three-fourths azote. As the 
difference of heat communicated was two-tenths 
of a degree, the Doctor algebraically deduced, 
that pure dephlogisticated air would yield .595, 
and the air of azotic gas .108. The water in 
the vessels was at 57.8 degrees. | 

To this deduction there appear to be several 
material objections. If it is to be admitted as a 
theorem, inferred from corre¢t suppositions, we 
ought to find an exact proportion, an harmo- 
nious disposition, to take place uniformly in the 


‘subordinate members. This ought to be clearly 


demonstrated before it is admitted as an axiom, 
on which a superstructure is erected. In the 
first place, Dr. Crawrorp examined, by Dr. 
PrisstLtey’s method, the purity of the air em- 
ployed. It is well known how materially expe- 
rimenters have differed in their accounts of the 
quantity of nitrous gas necessary to the satura- 
tion of a given quantity of oxygen gas. PRIEST- 
LEY observes, that one part of oxygen is con- 
densed by two parts of nitrous gas; and La- 
VOISIER by 14. IneENHOUZ, Scuerer and De 
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tA Meruerie state the quantity to be from 
three to five of nitrous gas; and Humgo.prt, in 
the Annales de Chimie, asserts that the mean 
quantity is 2.55. Even in this particular, the 
least error in the estimate makes an enormous 
difference in the calculation. 

It is rather singular, that the difference of tem- 
perature between the air in the room and the 
water, should have been so trifling; the air hav- 
ing been at 58.1 and the water at 57.8, or, in 
other words, there not having been more than 
three-tenths of a degree of difference. I have 
always found the temperature of the middle part 
of a vessel of water to be between the 25th or 
30th part colder than the surrounding air, sq 
long as the water is in a fluid state. According 
to Dr. Crawrorp’s statement, the vessel em- 
ployed, ought, without its included air, to have 
raised the water 1°36 more than the heat 
communicated by the vessel containing the pure 
dir. | | 
Tt has been observed, that the homogeneous — 
fluids absorb and transmit heat in the ratio of 
their densities, The quantity of atmospheric air 
employed in the above experiment weighed 
11.78 grains; there was the same bulk of pure 
air, two-thirds of which, being oxygen gas, 
weighed 12.606 grains, There was conse- 
quently a surplus of one-thirteenth of the latter 
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air, which must necessarily have transmitted 
more heat. | 

Dr. Crawrorp has also omitted to state the 
different degrees of expansion of the same air, as 
well as of the different gases at different tempe- 
ratures. | 

The results of the different temperatures 
nearly correspond with the different weights of 
air employed. 

In ascertaining its capacity with respect to 
water, Dr. CrawForp seems to have been very 
sncorrect. He first of all assumes Dr. Priest- 
LEy’s estimate of the specific gravities of pure air 
and atmospheric air, namely, as 187:185; and 
afterwards takes Fonrana’s estimate of common 
air and azote as 385:377. This isa proportion 
which cannot be correct *. 

In his fourteenth experiment, Dr. CRAWFORD 
acknowledges that, when atmospheric air was in 


% Atmospheric air consists of 23, of oxygen, and 34% of 
nitrogen or azote. As the specific gravity of azote is less than 
that of oxygen, pure oxygen is toa mixture of =23, of nitrogen 
and 22, of oxygen, as 187 : 185. The difference between 
common air and nitrogen ought to be proportionably less, as there 
‘5 less difference in the proportionate quantities of nitrogen : 
here the difference is made to be twice as much, In fact, the 
whole of the estimate is incorrect; the specific gravity of 
oxygen to common atmospheric air being 135 : 123 ; and that 
gf atmospheric air to nitrogen, a8 123 to 119. 

pd4 each 
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each of the cylinders, the difference of the pro-: 


portions of heat communicated was never greater 
than the one-twentieth of a degree. 

In his calculation of the comparative heat of 
fixed air, or carbonic acid gas, he mentions very 
generally, that common air transmitted .034 more 
heat than fixed air, This is so loosely expressed, 
without any particulars of the experiment being 
given, as to preclude the possibility of any far- 
ther remark. 

Lo his estimate of the comparative heat of 
inflammable air and vapour, there are many ob- 
jections. The heat from inflammable air he 
found to be a little greater than from common 
air, with which it was accidentally mixed. Its 
specific gravity, compared to that of common 
air, will be, however, about 10:1 instead of 
12:1. As this specific gravity is to water as 
1 to 9960, he hence deduces that, in proportion, 
the quantities of matter in the inflammable air, 
and jn the water, will be as 10567:1; and 
hence, compounding this ratio with the degree 
of heat communicated, that the comparative heat 
to water will be as 21.4: 1*, 

This 

* Tnflammable air produced from diluted sulphuric acid and 
iron filings, has a specific gravity which is not more than 6x 
times lighter than atmospherie airy, and always contains apphy: 

ric 
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This air he supposes to communicate a little 
more heat than common air, to which he asserts 
that it would have been equal in point of heat, 
if it had been purely inflammable. This doc- 
trine is strangely erroneous. If a certain quan- 
tity of inflammable air, when mixed with atmo- 
spheric air, has a greater capacity for heat than 
common air, surely if the whole mass were to be 
coinposed of inflammable air, the quantity of 
heat communicated would be greater still. 

Dr. Crawrorp endeavours to prove, by the 
experiments of Gapoiin and Mace.uan, that 
the capacity of water for heat, is to that of snow 
as 10:9. As the quantity of heat absorbed, in 
the conversion of snow into water, is known, 
he hence calculates the point of entire privation 
of heat in water to be about 1400 degrees below 
the freezing point. Consequently, in inflam- 
mable air there ought to be disengaged 28,000 
degrees of heat, when it unites with oxygen to 
form water: i.e. ten grains of inflammable air, 
when converted into.a state of water, ought to 
evolve as much heat as would raise ten grains of 
water 28,000 degrees. 


ric acid gas. The inflammable air was preserved in a bladder. 
Now, it is well known, that such a fluid cannot be retained any 
length of time; insomuch, that a bladder replete with hydro- 
gen gas, will, ina short time, be found to be filled with atmo- 
spherical air, the hydrogen gas escaping, and the common air 
passing in, ; 


To 


e 


forms a component of water, or is in the state 
, of gas. “Sixty cubic inches of hydrogen gas weigh 
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To ascertain this I made the following experi- 
ment :—Into a glass bolt-head I poured a mix- 
ture of muriatic acid and water * which had 
been some days prepared. The bolt-head was 
placed in a glass vessel filled with water: the 
quantity of water, the capacities of the vessels 
employed being added, was about equal to twenty 
ounces. I poured into the bolt-head a few steel 


filings; and having fitted, immediately after, a 


flexible tube to the pipe of the bolt-head, the 
hydrogen gas which was given out was made to 
pass into a glass receiver. When I had collected 
nearly sixty cubic inches, I found that the ther- 
mometer sunk down one degree and a half. ‘This 
appears to me tobe the exact difference of the 
degrees of heat existing in hydrogen when it 


ie a Sain 


1.43784 grains, nearly one grain and a half; and 
“this proportion raised twenty ounces of water one 
~ degree and a half, or an equal weight of water 
10,000 deer ees, 

ee 


% Muriatic acid and water, being mixed with metallic sub- 


C4 


stances, the hydrogen gas which is evolved is much purer than 
that which arises from the sulphuric acid, &c. 
+ For 20 ounces of water being equal to 9600 grains: 


9600 ibs =SrEQ 000 near] 


This 
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‘Phis does not correspond with the doctrine 
either of Crawrorp or of Lavoisier: upon 
what data the latter has ascertained the quan- 
tity of caloric im hydrogen gas, is not men+ 
tioned. 

Having premised thus far, Dr. CRAWwForD pro- 
ceeds to examine the capacity of vapour. He 
first attempts to ascertain the degree of heat 
given out by the combustion of hydrogen and 
oxygen gas, by means of the electrical pistol, 
This is incorrect, because an electrical pistol bes 
ing formed of brass, gives out more heat by an 
explosion than a glass one would afford. I have 
found that my brass pistol, which only holds nine 
ounces, will heat a quantity of water, when ex-~ 
ploded, greater than the proportion heated by 
my glass globe, which holds more than four times 
as much. He afterwards fixes the lowest degrees 
of heat, from these premises, at 1550, and takes 
Mr. Warrs’s statement of 960° as the quantity 
of heat absorbed by water when converted into 
vapour. 7 

As it was requisite that this point should be - 
ascertained, and as Dr. Crawrorp had taken his 
estimate from De Luc’s general statement, in 
which Mr, Wartrts’s mode of operating is not 
mentioned, the method cursorily suggested by 
Buack, appeared to me to be the best, viz. that 
of ascertaining the quantity of heat imparted 

to 
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to a known quantity of water, by the method of 
distillation. 

Into my refrigeratory were thrown 1540 ounces 
of water; into the still 280 ounces; and into a 
corresponding tub, placed at an equal distance 
from the furnace, nearly resembling the refri- 
geratory in shape, 1190 ounces of water. Three 
thermometers were employed; one in the re- 
frigeratory, another in the corresponding tub, 
and the third was hung up in the room, the 
temperature of which was not quite 64°, at the 
same time that the temperature of the water was 
somewhat more than 61°. The temperature near 
the refrigeratory was observed on the distillation 
of every three ounces and a half of water. The 
condensation of this quantity of vapour raised 
the refrigeratory four degrees. At 91 degrees 
the evaporation took place; but did not sensibly 
cool the refrigeratory until the temperature was 
raised to 111°. It then operated so sensibly, that 
the condensation of the same quantity of steam 
raised the refrigeratory three degrees and a half. 
The evaporations increased in the subsequent 
condensations, and proportionately diminished the 
augmentations of temperature, until at length, 
the refrigeratory being at 1672, the evaporation 
was more than sufficient to balance the conden- 

sation.’ At half past twelve the connexion of 
the worm with the still was destroyed, and the 
| By grada- 


Pe 
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eradation of cooling observed till seven in the 
evening. It was remarkable, that when it had 
cooled to 101, no sensible evaporation could be 
noticed. 

By ‘the distillation of 112 ounces the refri- 
geratory was increased in temperature 107: de- 
erees; and, if there had been no evaporation, it 
would have been at 128 degrees.. ‘Phe heat from 
the furnace heated a corresponding tub of water 
seven degrees, and would consequently have 
heated the refrigeratory 5°.4. ‘The capacity of the 
refrigeratory for heat was 120 ounces, making in 
the whole 1660 ounces of water. It raised 122.6 de- 
grees, by the condensation of 142 ounces of water; 
and hence, by the simple rule ane it will 
appear that one ounce of vapour contains as much 
heat as would raise one ounce of water 1817°. 

The material difference between this statement 
and that of Mr. Warvs, induces me to believe -_ 
that he formed his vapour under a very diminished 
pressing state of the atmosphere ; and in a par- 
tial degree of exhaustion. Mine was formed 
under an aerial pressure, corresponding to a mer- 
curial column of 29.86 inches; rather more than 
the medium atmospherical state. 

Mr. Watts * has observed that steam is to 


air, 


* M. Ds Saussure aconclu, que les pesanteurs spécifiques 
des vapours et de lair sont comme 10 4 14, au lieu que 
M. Wart 
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air; im specific gravity, as 4 to 9. Now, air be= 
ing to water as 1: 830, steam should be to water 
as. 1:1867. It is for this reason that steam rises 
so rapidly in the air, every degree of heat nearly 
corresponding with its increase of velocity. 
‘Matter does not seem to be regularly in- 
fluenced in its expansion by equal portions of 
heat. Whether there be, any general rule by 
which an estimate may be made, can only be de= 
termined by a great variety of experiments. 
When matter, from being in a fluid state, be- 
comes solid, or is converted into vapour, at the 
instant of its conversion into either state, caloric 
appears to be more freely disengaged. ‘Thus 
“Wanierivs has observed, that the evaporation 
of ice is greatest at the moment of congelations 
It has been very commonly observed, that the 
inferior part of a vessel of water is comparatively 
- ¢oal, at the instant even of boiling. ‘This fact 
seems to confirm the do¢trine of the ingenious 
Count Rumrorp, relatively to the conducting 
powers of heat, in different fluids, not being 
proportionate to their densities. Thus air, which 
‘sa worse conductor of heat than water, when 
rendered moist, is a more powerful conductor:é 


M. Warr les a trouvées comme4a9 (ces't aprés lui que j'ai 
fixé cette pa ies des ge vy, Ds Lue, § 8. 
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when water is kept in a quiescent state, in a 
covered vessel, it may be-cooled to 20°, without. 
being frozen. 

When matter, to undergo any changes, re- 
quires a great alteration of. temperature, the ex- 
pansions are more equal -in smaller degrees of 
heat ; thus mercury, which will bear three times 
a greater proportion of heat than water, before 
it either boils or volatilizes, will be more equably 
expanded. ‘Thus, when the thermometer was 
employed, its correctness was evinced by the 
equal expansion of the mercury, in condensations 
of equal quantities of steam, 

. From the experiments of General Roy, it wiete 
appear that even in mercury there is a material va- 
riation in great differences of temperature. When 
the mercury was-at 212°, the addition of one de- 
gree of heat did not expand it so much as when the: 
temperature was at 112°. He found that the 
successive degrees of heat were not measured by. 
equal increments of bulk im the mercury con- 
tained in the thermometer. a4 

Common air he found to expand most, by one 
degree of heat, when at the temperature of 62°. 
Its expansibility was diminished in proportion as 
its density was decreased. 

In water there appears to be no intermediate 
point between 212° and 1817; insomuch, that it 
seems instantaneously to acquire 1005 degrees. of 
, | | heat. 
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heat. Notwithstanding this, in heating water in 
a vessel, and marking the time when it reaches 
the boiling point, it might have been expected 
that, in equal portions of time, and in an ex- 
posure to an equal intensity, equal degrees of 
heat would have been imparted to the fluid. This 
is not, however, proved by experiment; seeing 
that a pint of water, which, when subjected to 
the action of fire, ought, by calculation, to have 
evaporated in thirty-eight minutes, requires more 
than double that time to evaporate. 

The capacities of arterial and venous blood, into 
which an inquiry is made in the experiments of 
Dr. Crawrorp, appear to me to depend on a 
different cause from the one he has suggested. 
The enthusiasm | with which his doGrine inspired 
him, made him ardently apply the probable re- 


sult of every experiment to its demonstration. © 


<5 this-he somewhat resembled that great genius 


ss: Jou Howser, who, from his physiological ob- 


“servations on the pigmentum of the eye, drew 
the conclusion that Apam and Eve were not as 
Mirron has described them, but were born black. 

With half a pound of water, at 532 degrees, 
‘the Doctor mixed Qoz. 4 drs. 14 grs. of venous 

- = blood, at g8°*. At the end of four minutes, 

the mixture was at 76 degrees. 


* If we suppose, instead ode, venous blood, the same quan- 
s tity 


Half 3 


. 
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| Half a pound of water at 53° was mixéd with 
half a pound and 400 grains of arterial blood at 
102°. At the end of four minutes the mixture 
was at 773°. | 

If A ca of the same temperature liad been 
simply combined with the water; the mixture 
would then have had a mean temperature. If, in- 
stead of venous blood, the same weight of water 
had been mixed, the temperature, allowing for 
the capacities of the vessels employed; would 
have beer 77 degrees. But; admitting a loss of 
half a degree in pouring out the fluid, and of 
half a degree, at the same time, for the cooling; 
this will bring us precisely to the 76° observed 
mm the case of venous blood: Hence, it would 


appear that the imaginary capacity of the latter, 
is precisely the sdme as that of common water. 


tity of water at the temperature of the forriiee to hae been 
mixed with the half pound of water at 537 degrees, and if we 


admit the capacity of the vessel to have been equal to half am . 


ounce, as stated by Dr. Crawrorp, then 


OZ. gr. 
Si x 534 + 94 14 x 98 3 
cae 


gi 4 9! 14 
if, instead of arterial blood, water of the same temperature 
be substituted, as above, then 


SF X 53 468 400% 102 | 
= 78.08. 
OZ. gt. 


si -+ 8 400 
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If, mstead of arterial blood, the same quan- 
tity of water, at the temperature of 102°, had 
been mixed, the mean temperature would -have 
been 78.08. At the end of four minutes it was 
772. By making our estimate as in the former 
case, the only result at which we shall come, 
will be, that the heat from the arterial blood is 
not so soon dissipated as from the venous. The 
reason of this may be explained on very simple 
principles: venous blood being more fluid than 
arterial blood, exposes, when poured out, a larger 
surface to the air, and will therefore be sooner 
cooled. 

To imitate this process, I dissolved half an 
ounce of isinglass in a pint of water, and having 
raised the mixture to a temperature of 140°, 
blended with it a pint of water at 62°. Had the 


Me whole of the fluid been pure water, it would 


have been at 101°, but in this case it was reduced, 
by the capacity of the vessel, to'99°. When 
water was raised to the same temperature, and 
poured into a similar pewter vessel, precisely in 
the same manner, its temperature was somewhat. 
greater than 98 degrees at the expiration of the 
first minute, It consequently sustained a loss, 
in the act of pouring out, more than half a de- 
gree greater than the loss sustained in the former 
case. 4 : ? 
To found therefore a system on an observation 


of 
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of this kind, resembles the theories which were’ 
formed from the erroneous calculation made by 
Borie, of the specific gravities of serum and of 
the red globules. According to him, blood is to 
water as 1040:1000, but serum as 1190:1000. 
Instead of ascertaining the fact, the partisans of 
Boyte fancied that an aerial spherule was at- 
tached to each of the red particles: this do@rine 
was received for nearly a century, until its fallacy 
was pointed out by Dr. Jurin. 

Thus it is with the above system of Dr. Craw- 
FORD, the principal basis of which resides in its 
complexity ; and its great security, in the ap- 
parent trouble of investigating its corre€tness. 
When we see a series of calculations, we are 
more apt to give credit to all the circumstances 
which are stated, than to undertake the arduous 
task of examining the principles on. which:they 
are founded. pe ie | 

The system I shall now proceed to examine, 
is that of the French philosophers, which, with 
the exception of some particulars it is not ne- 
cessary to adduce, is as follows: 

During respiration, or the passage of the blood 
from the right to the left side of the heart, a 
great quantity of oxygen is absorbed, by which 
the venous blood is rendered arterial. Carbonic 
acid gas and water are formed during the pro- 


cess; and hence the blood loses its hydro- 


Ee2 carbonous 
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carbonous impregnation, and has its capacity 
for caloric increased. The oxygenated blood 
passes on to the different parts of the system, 
through the medium of the circulation. During 
this passage, particularly in the capillary vessels, 
ehemical changes take place. The oxygen unit- 
ing with the other elementary principles, caloric 
is evolved, and the phenomena of animal heat 
produced. 

To this general statement there are several 
éxceptions: some suppose all the phenomena to 
take place in the lungs. Others, among whom 
is Mons. Securin, think, that the arterial blood 
becomes venous, in the extremities of the arte- 
ries, by absorbing hydrogen; and that, vice 
versd, the venous blood becomes arterial by giv- 
ing out its hydrogen in the lungs. On account. 
of the affinity of carbonated hydrogen for oxygen, 
being greater than that of oxygen for caloric, 
and of carbonated hydrogen for the blood, water 
and earbonic acid gas are formed. 

In the examination of this system, I have 
adopted the following method: First, to make 
some inquiries into the quantity of air taken in 
every inspiration. 2dly, ‘To ascertain the changes 
this quantity undergoes ; and whether, by these 
assigned changes, such a quantity of caloric is 
unfolded, as can maintain a mass of matter, simi- 
kar to the one which constitutes the human body 

ab 
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at 98°, whatever may be the state of atmospheric 
temperature. | 

The quantity of air taken in every inspiration 
has been differently estimated. Borruius*, in 
his eighty-first proposition, calculates it at about 
14 cubic inches. Jurin-}, Hautes, Hacer, and 
SAUVAGE estimate it at nearly forty cubic inches, 
Dr. Goopvwin at about twelve; Dr. Menzizs at 
forty, and Dr. Beppors at twelve or fourteen, 
By frequent trials, I have found that I inspire on 
an average between sixteen and eighteen inches, 

The precise quantity inspired is not of any 
particular importance, seeing that the estimate 
must be made from the quantity of oxygen gas 
which disappears. 

It has been observed, that atmospheric air ig 
the only gas which has the uniform power of 
supporting animal life. Even oxygen gas finally _ 
destroys life. As the latter stimulates animals 
too powerfully, so does common air act with an 
equal violence on fishes, ‘Those with large gills 
are observed to die sooner than the others, and 
have the light red appearance of hyperoxygena- 


tion. 


* Hine deduxi, quod moles aéris 4 me inspirati 14 digitos 
cubicos non eequabat ; sed supponamus fuisse 15. Borewuus, 

+ Aéstimavi igitur aeris copiam, leni expiratione emissam 
tempore trium minutorum secundorum, numero rotundo, 40 
digitorum cubicorom, JURIN. | 


Ee3 Dr, 
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Dr. Deruam tells us, that in Holland they 
fatten carps by hanging them up in a net of wet 
moss in a-damp cellar, with the head projecting 
from the net. In this state they feed them with 
white bread soaked in milk. “ys 

Dr. PrinsTLey supposes, that a certain por- 
tion of nitrogen is absorbed by the venous blood. 
Dr. Hiceins has drawn from his experiments 
the same conclusion. One hundred and sixty- 
one cubic inches of air having been respired for 
one minute, at the expiration of that time nine 
inches disappeared, and the residuum was found 
to consist. of nitrogen, 111.6; oxygen, 23 ; 
and carbonic acid, "ee In this case, nearly 
‘ twenty- -four cubic inches of oxygen were ab- 
sorbed, and somewhat more than seventeen cubic 
inches of carbonic acid produced. This was 
‘ascertained by the usual test of a solution | of 
caustic potash*, and nitrous gas. The experi- 
ment was very accurately made by Mr. Davy. 
I have repeated it in different respired quantities. 
The quantity of oxygen appeared to be on an 
average about 26, the thermometer being at 74”. 


Bes pS at Ne ee 2 Se eee 


% The saturating powers of nitrous gas were thus ascer- 
tained by Mr. Davy. A pal e green solution of nitrous acid 
in water, of the specific gr avity of 1.301, is composed of 50,02 
parts of water and 49.38 of acid: the acid is formed of 30 
parts of nitrogen, and 70 of oxygen; hence'the proportion is 
as 1 nitrogen, to 2.389 oxygen. 


I re- 
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I repeated the experiment shia the thermo- 
meter was at 55°, but did not observe any sensi- 
ble difference. Mr. Davy states, that the car- 
bonic acid gas produced is nearly the same when 
respiring oxygen, common air, hydrogen, or 
the nitrous oxyd. 

He respired 182 cubic inches of hydrogen. 
After six deep inspirations and expirations, the 
gas filled a space equal to 184, and consisted of 
carbonic acid gas 4.8; of oxygen 4.0; of nitro- 
gen 21; and of hydrogen 153.0. | 

In respiring the nitrous oxyd, the same por- 
tion of carbonic acid is given out. 

These experiments seem to prove that the car- 
bonic acid gas, when thus evolved, is not the — 
result of any chemical change during the state of - 
respiration. 

It would appear that it is given out ee the. 


venous blood. 


On a supposition that the oxygen is absorbed, 
and évolves all its caloric, let us examine if this 
quantity will suffice for the purpose of animal 
heat. Lavoisrer tells us, that one pound of 
oxygen gas contains as much caloric as will melt. 
66.66 pounds of ice; now 20 cubic inches of 
oxygen gas would in this proportion melt 600 
grains of ice. From this should be deducted the - 
quantity of caloric abstracted from the system in 


the form of - yapour. 
| | EeA Ys SANCTO- 
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SANcToRtIus found, that in Italy the perspira- 
tion was five-eighths of what had been taken in: 
for food. Dr. Bryan Rozinson observes, that- 
amanon an average takes four pounds and a half 
af food during the twenty-four hours. That by 
perspiration are lost two pounds ; by urine two 
pounds five ounces; and by stool three ounces. 
IT have made the above estimate respecting my- 
self, and find that I take nearly five pounds anda 
half of food daily, including liquids and solids. 
By the above proportion, the loss by perspiration 
will be nearly two pounds and a half, which is at 
the rate of twelve grains every minute. Dr. 
Hazes found, that by respiration the vapour from 
the lungs was equal to two grains every minute: 
this, added to the other, will be fourteen grains 
per minute. 
| One ;grain of water at 172°* will melt one 
grain of ice; hence 14 grains of vapour should 
melt 148 grains of ice. This being deducted 
from the 600 grains, will leave 452 grains of ice, 
equal to 367 grains, or a little more than SIX 
drachms of water at the boiling point. 

The quantity of circulating fluid in a human 


* Si par exemple, on prend une masse de glace a la tempé- 
rature 32° de ce thermométre, et qu’on Ja méle 4 une masse 
égale d'eau 4 172°; lorsque la glace sera fondue, on aura la 
masse totale en cau a 32°, Dz Luc. 


body, 
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body, is, at a medium, nearly 60 pounds. Bar- 
gHoLiIn tells us of an individual who bled 48 
pounds in three days by the nose; and in the 
Acta Erudita Leipsig, there is an account’of a 
person who lost 75 pounds ot blood in ten days, 
In the consideration ef the temperature of the 
human body, both the solids and fluids should 
be taken into the caiculation. These constitute 
amass of matter equal to 160 pounds. Such is, 
at least, the estimate | have made of my own 
weight. | 

Into a large vessel I poured twenty gallons of 
water heated to 98°. The thermometer was at 
66°. ‘The temperature of the water was there- 
fore 32 degrees higher than the surrounding 
temperature. In forty minutes it cooled to 90 
degrees; or, in other words, it sustained a loss 
of eight degrees of heat. To restere it to its 
original temperature would have required 806 
pounds of water at 212, at the rate of two pounds 
of boiling water every minute. 

To ascertain whether this calculation was cor- 
ret, the next day I had the temperature raised 
to 98°, and found that it required nearly three 
pints of boiling water every minute to preserve it 
at the same temperature*., 


* This shews that the decrements of temperature are not in 
the ratio of the times. During the first minute, the water 
cooled more than on an average of eight minutes, ; 
=" | T res 
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I repeated this experiment when the thermo- 
meter wasat 51°. .It.then required four pints 
and a half of boiling water to be thrown in every 
minute, to preserve the same temperature. What 
must it have required, when ¢ ex posed to a great 


degree of cold?) When PALLAs was in Siberia, 
a quarter of a pound of mercury became frozen 
by the natural cold. This was likewise expe- 
rienced in Petersburgh in 1759, when the tem- 
perature was 74 degrees below the freezing point. 
GmMe.inus, at Jeneseik, found it to be at 137 
degrees below the freezing point. In 1760, an 
equal degree of cold was observed in Sweden. 

The human body, so long as it retains life, 
preserves the same uniform temperature. Whe- 
ther it is surrounded by a heated atmosphere, 

as in the experiment of Dr. Forpycsz, or is 
placed in the cold media above-mentioned, it will 
invariably. be at Q8 degrees. 

We are told, that in winter the difference of 
temperature is compensated by a greater con- 
densation of the air. It is generally observed, 

that air is expanded zs0 by the addition of every. 
degree of heat. Now, between the temperature | 
under the line, at gO degrees, and that of the 
frigid zones above-mentioned, the difference of 
heat would be 190 degrees. Such a surprizing 
difference would not increase the density of the 

* airone half, and would not be more than equal to 
one 


wis 
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one ounce of boiling water per minute; while, 
on the contrary, more than 100 times that 
quantity would be requisite to preserve such — 
a mass as 100 pounds at the temperature 
of 08. a ey | 

We thus see sat, on every account, respira- 
tion cannot be the source of animal heat. In- 
stances are recorded, in which the circulation 
through the lungs has been partially prevented, 
without the temperature having been changed, 
In the Observationes Anatomice of SANDEFORT, 
an instance is mentioned of a youth who died 
in his eleventh year. On the body being 
opened, the aorta was found to take its origin 
from both the ventricles. One and a half of the 
‘ valvule semilunares were extended over the left 
ventricle, insomuch that only half the quantity 
of blood passed through the lungs. — 


Mr. Azernetuy, in his excellent Essay on the 


? 


Foramina Thebesii of the Heart, cavities which 
are well known to enable the nutrient vessels of 
the heart to relieve themselves when surcharged, 
remarks, that the foramen ovale is found open 
in all instances in which pulmonary consumption 
has for some time existed. This is owing to a 
deficiency of blood in the left ventricle, and to a 
redundancy in the right. ‘The pressure of the 
Jatter on this membranous partition will stretch 

| and 
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and irritate the uniting medium in such a way as 
to occasion its removal *. 


That 


of age had the foramen 


* At Rotherhithe, a boy ten years 
ovale perfecily open. The surface of nis. body had so deep a 
venous tinge, that he was usually known by the name of thé 
blue boy. There was an universal languor in his circulation. 
He was soon fatigued, The temperature of his body was 98°, 
This boy was subjected to several experiments by that excel- 
Jent chemist, Dr. BapineTon. 

In the above case we find, that the same temperature was 
preserved, notwithstanding the circulation through the lungs 
was thus interrupted—a demonstration that the temperature 
does not depend upon any supposed decomposition taking place 

in the lungs; as the office of respiration is to afford a stimu. 
lating principle to the lungs, the want of air may account for 
the languor which was experienced in the above case. 

Jn torpid animals, such as the hedge-hog, when in their state 
of torpidity, if the temperature of the surrounding air be even 
ten degrees below the freezing point, the animai heat bas been 
always obseryed by that ingenious physiologist, Mr. AstLey 
Cooprr, to be at 449. At the instant they are awakened from 
their torpidity, the animal temperature immediately rises nearly 
100°. This is a farther demonstration of the existence of a 
power inherent in the animal, to preserve a temperature above 
that of the surrounding medium, when the fundtion of respi- 
ration is suspended. Such a temperature is adequate to the 
small share of aCtivity which suffices for the corporeal preser~ 
vation of torpid animals, Jt is no sooner roused, than the cir- 
culation recommences. All the secretory powers are in motion; 
and a higher temperature becomes necessary. This tempera- 
ture is acquired much sooner than could be effected by the 
heat evo.ved in the first moment of respiration, 


A 
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That so important a process as animal tempe- 
rature should depend on the irregular, unequal 
action of respiration ; that the funtions of the 
animal economy should be exclusively governed 
by this uncertain, instable process ; would be. to 


ai es = 
place the system in a very dangerous predica- 


It is well known that Dr. Forpyce placed himself in 4 


room, heated by the steam of water to 130°, The thermometer, 
piaced under his tongue stood at 100°. That the moisture 
with which every part of his body was covered, proceeded from 
the condensation of vapour, evidently appeared from a similar 
condensation on the surface of a Florentine flask, which had 
been filled with water, at 100°. 5 

Mr, Honrer has, by a series of very ingenious experiments, 
shewn the mode in which an animal body preserves its tempe- 
rature in very cold media. 

In the same way as many chemical compounds vary in their 
formation, according to the degrees of temperature, so it is 
with animal secretions. his may be illustrated by the nature 
of bile; the blood, in circulating through the vena portarum to the 
liver, or, according to one case which occurred to that excellent 
abatomist, Mr. ABernetHy, through the hepatic artery, reaches 
those infinite ramifications which ultimately terminate in what 
has appeared to some to resemble crypte, to others, convolutions ° 
of the most minute vessels, Certain changes are there induced, 
by which the blood is converted into a substance called bile. It 
acquires a colouring principle, a bitter taste, and a mild mineral 
alkali, which the nicest chemical test cannot discoverin theblood, 
This process is effected by the same powers (the powers of 
life), which provide for each of their processes the necessary 


degree of temperature. 


ment, 
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ment. On every exertion, and on every sudden 
alteration of temperature, the secretions would 
vary; and the body would be ina state of constant 
changes. Is this consonant with the unifor mity, the 
i oserved } ? with the 
inherent power, the vis medicatrix nature, which 


admirable regularity which 1s 


acts equally against excessive heat or imtense 
cold? If these changes should be too violent for 
her efforts to withstand, her preserving tempe- 
rature can only be destroyed by the destruction 
of life also. 

In the Philosophical Transactions is to be — 
found an ingenious essay, by the learned Dr. 
Wetts, on the changes the blood undergoes 
during respiration. The Door attempts to 
explain these changes by the principles of optics. 
He observes, with Kerner, Zvcuius, and De- 
LAVAL, that the colours of opaque bodies do not 
arise from the rays of light which they reflect 
from their anterior surface, but from the portion. 
of light which, having penetrated their anterior 
surfaces, 18 reflected by the opaque particles dif- 
- fused through the substance. ‘The change of 
- colour Dr. Wetts ascribes to the common air 
increasing the reflection of light from the internal 
parts of the blood. He found that the reddened 
pieces of crassamentum reflected more light than 
_the black ones. We see many instances of bo- 
dies being influenced in aia colours by the pre- 

sence 


ie 


When it loses this: 
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sence or absencé of oxygen. Thus, Dr. Bane 
crorT observes, that the blue colour of a solu- 
tion of indigo, depends on a certain portion of 
oxygen with wae the solution is blended. 

$ principle, it becomes pellucid. 

The Abbé Norte has remarked, that the tinc- 
ture of archil, employed to colour the spirit of 
wine introduced into thermometers, after some 
time loses its colour, which it recovers when ex. 
posed to the air. It is the same with the infusion 
of turnsol and the syrup of violets. 

With respect to the microscopic appearances, 
in a solar microscope of central rings, OF opaque 
nuclei, enveloped in a transparent portion, de- 
scribed. by Abbé Torre, they are very visible. 
LeuwENHOEK imagined each particle to consist 


of six smaller globules, and. these secondar y ones 
of still smaller. With a very powerful solar. 
microscope I endeavoured to. examine the dif. 
ference between arterial blood and venous blood ;, 
but could not observe any. ‘These optical in-; 
vestigations do not tend to explain the office of 
respiration; but merely account for a secondary 
effect produced, | : 
Doctors Ware, Goopwin, and many other | 
physiologists, have deemed the office of respira- 
tion to be a stimulus to the circulation, and that, 
hike all other stimuli, it gradually loses its. 
effects. » The pulse-of a new-born infant beats: 


120 
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120 strokes in the minute; that of an adult 705 

until at length the animal organization having 
Jost its susceptibility of impression, dies for want 
of exciting powers. 

If the circulation were to depend on the same 
cause as the evolution of heat, we should always 
find its iticrease contemporaneous. ‘This is noty 
however; the case. Dr. Curris observes, in his 
valuable publication on fevers, that the vibra- 
tions of the arterial system were unusually slow, 
notwithstanding the animal heat was disengaged 
with more than four-fold rapidity. Even in the 
rarefied atmosphere of the summit of Mont 
Blanc, unconnected with any heat arising from 
the solar rays, the difference in sun or in shade 
| ‘was observed not to be more than two degrees, 
‘although Saussure and four mountameers ex~ 
perienced: the most suffocating heat *. 

Borsiivs +}, conceiving that the arteries are 
so many inanimate tubes; that the whole motive 
| power resides in the heart; and hence, ceteris 
paribus, estimating that its muscular actions are 
‘1 the ratio of their masses, by comparing it 
* See Dz Luc Meteorolog. p. 367, vV. il. 
+ Vis motiva musculi cordis superat suo momento resisteri< 
tiam totius sanguinis arteriarum et fasciarum, earundem dila- 
tationem impedientium, que major est vi ponderis 180,000 lie 


“prarum.—Bostius, Prop. \xxvil. par secund, 


. with 


i 
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with the temporal and masseter muscles, con-~ 
cluded that its action is equal to 180,000 pounds. 
Kiex, on the other hand, on an equally erro- 
neous principle, reduced it to seven ounces. It 
was supposed by Hauer, that the velocity of 
the blood continually decreases ; ; the sum of the 
transverse sections of the arteries greatly exceed- 
ing that of the aorta. It ought to be observed, 
that the thickness of the arterial tunics, rela- 
tively to their areas, is greater as the arteries di- 
minish. When we feel the arteries of the head 


~ and feet, we find, as Dr. Gintum* proved to 


the Chinese physician, that the pulsations are 
all consonant to each other. 

The principle which is imparted to the bléad 
in the smaller arteries, is applied to a propor- 
tionably greater surface; and thus amply com-— 
pensates for the loss which might have been sup- 
posed to arise from the increasing capacities, 

The vesicular formation of the lungs, aa it 


“was discovered by Matrienr in 1660, exposes. 


an immense surface. Dr. Haues-} estimates that 
| the 


* See Sir Gzeorce Straunton’s Memoirs of the Embassy to 
China, v. iii. 

+ Dr. Haves found the capacity of the lungs of a calf to be 
141 cubic inches. By abstracting the bronchia this will be 
equal to 100, for the cavity of the vesicles. “Thesize of these 

YOL, II, rig -yesicles 
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the vesicles are not more than _2 


roo 


part of an 
“inch in size. If so, in the human lungs there 
will be about 30,000 square inches. Dr. Kirn 
calculates 21,9000 inches. 

A proportionately extensive surface is observed 
in the structure of the gills in fishes, which are 
well known to correspond to the lungs in other 
animals. In a skate there are four doubled gills 
and one single one in each side, constituting 
eighteen sides or surfaces, on which the bron- 
chial artery is spread out. On each of these 
sides there are about fifty divisions, or doublings 
of the membrane of the gills, each division hav- 
ing on each side 160 subdivisions, the length of 
which, in a large skate, is about one-eighth of 
an inch, and the breadth about one-sixteenth ; 
insomuch that, in the whole of the gills, there 
are about 144,000 subdivisions, and the surface 
exposed is 2,250 square inches, or more than 15 
square. feet. When viewed with a microscope, 
after a very fine injection, every part 1s covered 
with a beautiful net-work of E ReRO EIST minute — 
_ vessels. 


vesicles he found to be about +35 part of an inch in diameter. 
The sum of the surfaces, in a cubic inch, will be 600 square 
inches, multiplied by 100 = 60,000 square inches: deduGing 
one-third for the absence of two sides in each little vesicular 
‘tube, the result will render it equal to 40,000 inches. 


The 
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The air-bladder in fishes is not devoted to any 
purpose of respiration; but only calculated to 
increase, or diminish, the specific weight. ‘This 
is not effected by any powers by which the air is 
condensed, as is generally supposed, but merely 
by determining the quantity of air from the por- 
tion of the bladder which lies in the thoracic 
portion of the fish, to the portion which is seated 


in the abdominal part. The bladder of a fish is 


formed of two sacculi, which communicate with 
each other. . One of these sacculi lies in the ab- 
domen, and the other in the thorax. The latter 
is surrounded by a firm muscular theca, or sheath, 
which, when it aéts on the sacculus it envelopes, 
presses the air into. the other sacculus. In this 


_way, the abdomen becoming inflated, the fish 


rises. 
_ These cells are similar in structure to the elec- 
tric organs of the torpedo *, with this difference, 
that 


* In Plate XII, is a representation of the torpedo, with the 


_ele@ric organ on the sideexposed. A and C are the two elec- 


trical organs, and B the integument taken off, in order to shew 
the cellular straCture of the ele&tric organ on the side A: the 
torpedo is a fish of the ray kind. This engraving is taken from 
the one preserved in the British Museum, by permission of my 

Jearned friend Dr. Suawe. 
These cells are, in their form and arrangement, very much 
like the air cells in the Jungs. The torpedinal cells are never 
rf 2 thrown 
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that the electric changes of the pulmonary cells 
are equalized by the pulsatory current of the 
blood ; while the apparatus of the torpedo re- 
quires an external circuit. After air has been 
inspired, it has been observed by Voura and 
Reap, that as soon as it is expired, its quantity 
of eleCtricity is constantly found to be diminished. 

As fluids are but imperfect conductors for the 
weak intensities produced by these processes, Na- 
ture has charged the venous blood with carbon, 
which being an excellent conductor, superior in- 
deed to any other connected with the air-vessels, 
through this medium the electric charge passes, 
and, being instantly conveyed to the heart, sti- 
mulates that muscle to action. ; 

“Venous blood, when exposed to the galvanic 
process, soon acquires the redness of arterial 
blood. It has been deemed difficult to conceive - 
how arteria! blood should agam become venous 
blood, and again acquire the carbonated tinge. 

I must confess that I entertain great doubts 
as to any such change, and cannot persuade my- 


thrown into a state fitted for the galvanic operation, unless 
when they are in union with a body which is a conductor of 
electricity. In the lungs this principle is afforded by the change 
which the pure part of the atmospheric air undergoes. The 
residual air, when it is expired, is found to be in a negative 
state of electricity, with respect to atmospheric air, 


self 


* 
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self that the colouring part of arterial blood again 
returns into the veins. 

The arteries contain blood, according to Han- 
LER, in proportion tothe veins as4tog. Accord- 
ing to other physiologists the difference is much 
greater. | | 

The arteries terminate “in four different ways, 
the most common of which is by branches, so 
very tenuous and minute as not to admit the 
red blood, and which are generally termed seri- 
ferous vessels. ‘These vessels ultimately unite 
with the origin of the veins. The second mode 
of termination is into cells. The third is on the 
surface, where the exhalants are formed; and, 
fourthly and lastly, the arteries enter into the 
excretory ducts of the glands *. 


* From this review we see that red blood cannot pass from 
the arteries into the veins in a healthy subje@. Even where 
the former of these vessels terminate in cells, no anatomical 
proofs can be brought of the return of the blood by the veins, 
When the portion of the blood which is devoted to the pur- 
poses of nutrition is already in its perfect state, it would be 
contrary to the simplicity Nature adopts, to have it again de- 
teriorated, and again obliged to undergo a pulmonary change. 
In death the loss of power seems first to take place in the ex- 
treme branches of the arterial system, the remaining aCtion of 
the larger arteries propelling the blood with a sufficient force 
to overcome the diminished resistance; on which account the 
arteries are usually found nearly emptied of blood. 


Ff 3 When 
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When the nutritious part of our food is con~’ 
verted into chyle, and absorbed by the lacteals, 
these vessels all unite in one common duct, the 
thoracic, which conduéts the fluid into the ve- 
nous system. Even in the state of chyle the 
same globular particles are observable by the mi- 
croscope as are found to exist in the blood, The 
particles there undergo a change in structure, 
and, beddming less opaque, instead of refle@ing: 
white light, exhibit a dark purplish blue light. 
When they have passed through the lungs, ano- 
ther change takes place, and they appear of a light 
Modena red. ‘The red globules of blood have 
now undergone their last arrangement, and are 
then devoted to the restoration of the continpal 
loss the system undergoes. By the colouring por- 
tion of blood, all new parts are formed. ‘The ar- 
terial system never permits the red particles to en- 
_ ter again into the veins, unless in cases of disease. 

‘The quantity of red particles received into the 
heart from the venz cave may suffice for all the 
“purposes of secretion, If, by any excitement, 
the capacity of the seriferous yessels should be 
increased, so as to admit the red particles, the - 
latter will act upon the vessels not accustomed 
to receive them, as SO many irritating extraneous 
substances, and induce inflammation. When 
blood is drawn freely from the arm, in separate 
cups, the last.cup appears very different in red- 

| pee | ness 
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ness from the first, and possesses but little of the 
colouring principle ; while no difference would 
be observed, if there were a free communication 
between the arterial and venous systems. As 
the terminating arterial vessels conyey the co- 
lourless part only of the blood, in proportion as 
the veins empty themselves, the residual blood 
becomes more and more diluted with the serum 
from the arterial system. 

Thus the circulation is in no way ceneral ; and 
the colourless part of the blood can alone be 
said to undergo a regular circulating course. 

The principle which is unfolded in the heart 
acts also on the arterial system; and, diffusing 
itself throughout the whole frame, proves the 
- source of general energy. | | 
To the variation of this principle in the air, 
are to be ascribed the changes we undergo as to 
our sensations, together with the languor and 
-qndolence we experience, when the atmosphere _ 
3s but feebly charged with electricity. So also, 
on the contrary, we may account for the cordial 
exhilaration we feel, when the barometer is high, 
and the air consequently charged with electncity. 

This opens a boundless source of inquiry ; and 
when we become acquainted with the stimulus 
Nature herself employs, much may be expected 
from its: judicious application in cases where a 


want of action is requir ed. 
FI4 7 Nature, 


%. 


AAO INFLUENCE OF GALVANISM, &c, 


Nature, invariably simple in her operations, 
distributes to the particular parts of the animal 
economy, the blood in a state appropriated to 
the purposes she intends. Thus, oxygenated 
blood is not requisite to. the secretion of the bile, 
notwithstanding it may be occasionally employed, 
as appears from a case of lusus nature which 
occurred to Mr. Agexneruy, in which all the 
blood, returned by the veins of the different 
chylopoietic organs, was conveyed by the vena 
portarum immediately into the vena cava inferior, 
near to the origin of the emulgert veins. In 
this case, the hepatic artery *, which was some- 
what enlarged, was the only vessel that con- 

veyed the blood into the liver, 
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* -As, in other latds, the arterial blood answers the double 
purpose of affording a pabulum to the secretions, and of 
supplying the organ with vital energy, it has been supposed by 
some physiologists, that the hepatic artery does the same. 
They fancy that their conje@ure receives some confirmation 
from the communication between the hepatic artery and vena 
portarum ; but this is a communication which must necessa- 
rily arise from the hepatic veins returning blood from both, 
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CHAP. XXXVI. 


Lhe application of galvanism to medicine—TIts 
effects in paralytic affections—I. cases of deaf 

~ ness—The cases in which it is most beneficial— 
Whether it is useful in amaurosis, or in gutta 
serena—Observations in shasmodic affeHions— 
How far rigidity, and want of motion may be 
aided by this principle—Its good effeéts in indo- 
lent tumors—Cases of mental derangement con» 
sidered—Its 2 use in cases of suspended animation, 
whether from drowning or ir hanging. 


HAVING attempted to prove the import- 
“ance of the principle of galvanism, as it influ- 
ences the animal economy, I shall now proceed 
to consider the particular cases of derangement 
in which the employment of this principle has 
been deemed beneficial. 

I have already given an extensive account of 
the theory of Gatvant, relatively to the exist- 
ence of the two states of eleCtricity in the muscu- 
lar and nervous systems; and have also detailed 
his conjectures on the cause of violent rhéumatic 
affections and of nervous sciatica. According to 
him, these diseases arise from extravasated hu- 

; mours, 
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mours, which form an arc between the ele¢tricity 
of the nerves and that of the muscles. 

The influence of this principle is, I presume, 
merely to be attributed to its stimulating power. 
I do not think that, by any mechanical means, 
we can produce any increase or diminution. of 
the principle of galvanism in any part of the 
animal frame, 

I have already stated, that animal substances 
rank, in their conducting powers, next to metals; 


and that, in the gradation of these powers, they 


contain the principle of galvanism as one of their 
component parts. No change in these sub- 
stances can therefore take place, without their 
capacities for electricity being changed also. 
~ In the present state of our knowledge of the 
_ principle of galvanism, it has not been ascertained 
. whether any particular corporeal derangements 
are the causes or effects of a change in the re- 
: spective capacities of the diseased parts for elec- 
tricity. ‘The ascertainment of this point would 
be a considerable desideratum in medicine. 
The ation of galvanism on the muscular and 


nervous systems is more violent, in proportion to — 


its intensity, than that of common ele¢iricity. 
The charge of a galvanic battery, so feeble as not 
to bé able to disturb a gold-leaf electroscope, 
when propelled through the head, produces a 
‘stronger sensation than the one which is expe- 

rienced 
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rienced from one huirdred times the same inten- 


sity, produced by a Leyden phial. 

In the case of the charged jar, such an inten- 
sity must be accumulated, as is able to act against 
the resistance of the air contiguous to the coat- 


ings of the jar. When it is discharged through 


any part of the animal frame, the same disturb- 
ance is not produced as by the passage of a gal- 
yanic shock, : : 

The galvanism from a battery is discharged in 
that state of intensity only, in which it naturally 
exists in the animal frame. Every particle of the 
fluid being disturbed, the general influence is 
greater than if it had been acted upon by an in- 
tensity greatly superior to itself. 

Having considered galvanism as the interme. 
diate agent between matter and spirit, it may 
naturally be expected from this reasoning, that 
in the cases in which the influence of the mind 
on the animal fun@ions is in any manner de- 
stroyed, as in paralytic affections, &c. the employ- 
ment of the principle of galvanism should be 
attended with beneficial effects. Having already 
noticed the few cases which have hitherto been 
published, I shall now particularize those which 
have fallen under my own observation. 


THE 
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THE INFLUENCE OF GALVANISM IN PARALYTIC 
AFFECTIONS. 


When paralytic affections arise from organic 
defet, as in cases of palsy of the lower extre- 
mities, from diseased spine, no good effects can 
be expected to result from the application of 
galvanism. 

In cases of hemiplegia, arising from the pres- 
sure of extravasated fluid in or upon the brain, 
the stimulus of galvanism would, it appears to 
mé, be injurious, in consequence of its ation in- 
creasing the extravasation. In one case, of a 
person about the age of thirty, of a full plethoric 
temperament, who suffered the loss of the use of 
one of the sides, from an apopleétic attack, I 
applied gentle shocks of galvanism through the 
side of the brain opposite to the affected part of 
the body. Upon the third day, a considerable 
giddiness took place ; and the vessels of the eyes 
became turgid. I immediately discontinued the 
application, and in a few days these unfavourable 
symptoms disappeared. | 

These cases are but few in number, when 
compared with those which arise from a defective 
energy in the brain itself. In these latter in- 
stances, galvanism has often proved of very con- 
siderable advantage. 


By the means of galyanism I have never suc~- 
ceeded 


oe 
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ceeded in perfectly restoring the patient to his 


original sensibility ; but have, in many instances, 
considerably assisted the powers of motion. 

The following is the mode I adept in the ap- 
plication of this principle, supposing the right 
arm and right jeg to be paralysed: My galvanic 
battery haying been prepared as before directed, 
t begin with about a dozen plates, as in Mig. 2, 
Plate VII. If one of the wires be applied at B, 
and another at 2 2, the power is in proportion to 
the number of plates between B and 2. The 
‘nearer the other wire is placed towards C, the 
greater the power. In applying the conducting 
wire to the parts of the body through which the 
galvanic shock is intended to be passed, the 
continental practitioners have in general removed 
the resisting cuticle by the means of blisters. 
In having recourse to this application, which is | 
unnecessary, the excoriated parts suffer greatly 
from the application of galvanism.. The above 
mode was adopted, because, whenever the con- 
ducting wires are applied to the cuticle, the re- 
sistance through this non-conducting part is too . 
great to be overcome by so feeble an intensity. 

The method I employ renders this operation 
unnecessary. I simply moisten with water the 
parts through which [ purpose to direét the gal- 
vanic fluid, and afterwards place on each of them 
a small piece, about the size of a shilling, of gold 


leaf 
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leaf or Dutch metal. On the conducting wires 
being applied to these substances, the circuit is 
completed: | 

In a case of hemiplegia, ds before mentioned, 
a piece of gold leaf having been applied on the 
right side of the forehead, and another on the 
arm of the left side, as often as the circuit is 
completed, the arm becomes convulsively agi- 
tated. During the operation, one of the con- 
duCtors should be left in contact with one of the 
pieces of metallic leaf, while the other conduc~ 
tor, which is employed to complete the circuit, 
should be removed immediately after the con- 
tact is made. The operator should proceed thus 
for about ten minutes or a quarter of an hour, 
according to the nature of the case, and the de- 
eree of inflammation induced on the parts. 

Very soon after the application of galvanism, 
an areolous redness is perceived ; and if it be per- 
severed in too long, vesications and subsequent 
ulcerations are produced. These symptoms, 
which are a little troublesome for the moment, 
do not require any particular treatment in their 
cure. The part of the body to which the con~ 
duGting wire from the copper side of the battery 
is applied, is always the most powerfully acted 
on; and if the conducting wires be kept in con- 
tact with the metallic leaves, for the space even 
of half a minute, without being removed, the 

one 
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one from the copper side will produce an acute 
pricking sensation, very much resembling the 
bite of a leech. 

In some cases, attention ought to be paid to. 
this difference between the ends of the battery. 
When it is wished to act on one part of the body 
more powerfully than on the other, the condudt 
ing wire from the copper end should be placed 
on that particular part. ‘This difference in power 
_ corresponds with the effects experienced from the 
charged Leyden jar, in the case of which, the 
part of the body connected with the negative 
side of the jar is more powerfully aG@ed on than 
the part connected with the positive side. In 
recent cases of hemiplegia, very good effects are 
"goon perceived. After a few applications, a sen- 
sation of returning warmth is felt; and the ac~ 
tion of the muscles of the arm restored, as often 
as the circuit is completed, After the operation, 
the use of the flesh-brush, persevered in for 
about a quarter of an hour, contributes to re- 
establish the circulation of the diseased parts. 

The effects of this principle, when it is applied 
to the human body, are not so painful as those of 
electricity, notwithstanding its ations are more 
powerful. By preventing the muscles from re- 
maining constantly in a state of torpid inactivity, 
the loss of substance which would otherwise take 
place is guarded against. The application should 

| be 
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be made at least twice a day; otherwise the in 
tervals will be so long as to prevent any good 
effects from ensuing. 

In paralytic cases of the most distressing na- 


» ture, considerable relief has been derived from the 


application of this principle. An individual, aged 
sixty-seven, residing in London-street, and well 
known to:many artists as an eminent lay figure 
maker, had laboured under a paralytic attack 
nearly eighteen months before his surgeon sent 
him to me. All the usual remedies had, as well 
as electricity, been tried in vain ; insomuch, that 
at the above period he was so totally deprived of 
motion, that he could not rise from his chair 
without assistance. He was brought to my _ 
house in a coach. For the space of about a : 


quarter of an. hour I transmitted the power of 
about twelve plates through the forehead and the 
back of the neck. This mode of application was_ 


continued for three or four days; and the fluid 
afterwards made to pass from the forehead through 
the affe@ed arm. In less than a fortnight, he 


~ had recovered the faculty of motion to such a 


« 


degree, as to be enabled to walk from his own 
house to mine, a- distance of at least half a mile. 
In this state he remained in amanner stationary ; 
and although the galvanism was still continued 
for a month or six. weeks, still no perceptible 
change was observed to take place. Whenever 

Ce 
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he omitted the galvanism for two or three days, 
he found himself uricomfortable ; and was con- 
stantly persuaded that, after its application, his 
mind was calmed, and not subject to so great 


a depression as is usual in paralytic patients. 


When it is deemed requisite to apply galvanism 
to any part of the body, in the case of which 
neither the head, nor the brain, enters into the 
circuit, the galvanic influence may be very con- 
siderably augmented. Thus, in a paralytic affec- 


tion of the leg, which it is intended to galvanize: 


from the knee to the foot, fifty or sixty plates 


may be employed, and will, in general, be found » 


to be attended by good effects. 
EFFECTS OF GALVANISM IN CASES OF DEAFNESS, 


From the reports of the foreign pr actitioners, it 
would appear that galvanism is a specific in cases 
of deafness. Its success, in these cases, seemis to 
depend on the cause which occasions the defe@ 
of hearing. 

In that of persons born deat and necessarily 
dumb, it seems to arise from the diseased state 
of the semicircular canals, which, instead of 
being filled with a fluid capable of transmitting 
impressions, contain an inelastic, caseous-like 
substance. Under these circumstances, no good 
effe% can be expected to be derived from gal- 
Vanism. ; 
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When we consider the nice structure of the 
ear, it is not difficult to perceive by how many 


different causes deafness may be produced. 


Among these causes may be reckoned, obstruc- 


tions in the meatus; a relaxation, or any mor- 
‘bid state, of the membrana tympani; a derange- 


ment of the ossicula, by the, effect of which the 
tremors of the membrana tympani are not regu- 
larly transmitted, by the base of the stapes, to 
the membrane which covers the fenestra ovalis + 
any change in the watery property of the fluid 
contained in the canals; or any insensibility in 


the auditory nerve, by which its susceptibility 
_ of ation is lessened. To these causes may be 
added another, which is, perhaps, the most pre- 


valent, namely, an obstruction of the eustachian. 


tube. | 
This tube answers, to the organ of hearing, the 


3 
| 
E 


4 
same purpose as the hole in its side does toa 


of the air, the vibrations of thé parchment would 
be greatly impeded. When the head of the 


common drum. Without such an aperture in 
. the latter, to admit the ready ingress and egress © 


drum is struck, a pendulous like motion is pro-— 
duced in the parchment, which plays backwards - 


and forwards. If the drum were to be air-tight, 


this motion would not take place, on account of 


the resistance of the confined air. This is pre- 
eisely the case with the eustachian tube, which, 
opening 


- 
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opening into the posterior part of the mouth, 


prevents any aerial resistance to the vibrations of 


the membrana tympani. 

» At is fortunately in the particular species of 
deafness which can rarely be relieved by any other 
means, that galvanism is most advantageously 
employed, namely, in a defective energy of the 
auditory nerve. 

This species of deafness is ascertainable, by 
the common practice of placing a sonorous body 
in contact with the teeth. If the communication 
of sound should not. be thus rendered more dis- 
tinét, we may conclude that the defect originates 


in the nerve ; seeing that, provided the deafness ° 


had been owing to any derangement of the other 
' parts of the ear, the sound, transmitted by the 
medium of the teeth, through the conneéting 


bony substance, to the seat of hearing, would 


have been distinctly perceived. 

» In several cases, in which the deafness seems 
to have arisen from a relaxation of the mem- 
brana tympani, attended by a diminished secre- 


tion of cerumen, I have experienced good ef- 


feds from the employment of galyanism, which 
not only induced a grateful warmth in the 
meatus, but also considerably augmented the 

secretion of wax. 
In the instances in which the deafness, origi- 
nating from an obliteration of the eustachian 
Gg2 tube, 
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tube, has been of some duration, beneficial effects 
are not, in my opinion, to be expected to result 
from the application of galvanism. A mechanical 
obstruction is then formed, which might probably 
be increased by the continued employment of a 
powerful stimulant. 

In the above cases of deafness, the public 
is highly indebted to the valuable observations of 
an eminent surgeon, Mr. A. Cooprr, who has 
advised the making of a very small perforation 
through the upper part of the membrana tym- 
pani, by which means the ossicula will not be 
injured, and the air will be allowed to pass and 
repass through this artificial opening. 

When it is ascertained that the deafness is of 
that particular nature, in which galvanism may 
be usefully employed, the following is the mode 
I have adopted for its application: In Plate Xf. 
Fig. 1, is represented a trough, with two con. 
ducting wires, A and B, at the end of each of 
which is a small plate of ivory, about one inch 
and a half in diameter. Through the centre of 
each of these plates is passed a silver wire, with 
a small ball at its extremity. In order that they 
may be insulated, the silver wires, which are 
about an inch in length, are inclosed, each of — 
them in an ivory tube. The inside of the right 
ear having been previously moistened with water, 
by the means of a pencil, the ball is introduced 

Into 
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into the meatus, the ivory plate preventing, on 
any movement, the wire from penetrating too 
far. The other wire is introduced in a similar 
manner, into the left ear: when they are thus 
arranged, and preserved in this situation by the 
help of a ribbon, or of an assistant, the comple- 
tion of the circuit is best effected, by bringing 
the end of one of the conducting wires into 
occasional contact with the trough. In the en- 
graving, nearly all the plates of the trough are 
placed between the conducting wires A and B; 
but great care should be taken that a very gentle 
power be at first employed, not exceeding seven 
or eight plates. In this respect the quantity 
must be regulated by the sensations. Some per- 
sons scarcely feel the power of twenty plates ; 
while others experience from such a proportion 
of the fluid a very distressing giddiness. It is 
always advisable to begin with the power of a 
small number of plates. If it be too consider- 
able, a very painful sensation is induced ; but if, 
on the contrary, it be so regulated as to produce 
sensible effects only, the sensation is then by no 
means unpleasant, and is followed by a very 
agreeable warmth. 

I have sometimes found that, after the appli- 
cation has been made for a few days, a painfuy 
aching sensation has taken place on the side of 
the head. Having then discontinued the gal- 

Ge3 vanism, 
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vanism, in a little time the pain has subsided, and 
the deafness been entirely subdued. 

It frequently happens, that at the commence- 
ment the deafness appears to be increased, 
This has excited so much terror in the mind of 
the patient, as to have prevented him from sub- 
mitting to a repetition of the treatment. I have, 
however, ‘constantly found this increased symp- 
tom of ailment to disappear, and that, by a pro- 
per perseverance, considerable relief has in gene- 
ral been derived. 

_ When a remedy is slow in its action, few per- 
gons possess the resolution to persist in the trial. 
‘They ought, on the other hand, to consider, that 
jt is ‘much safer that the change should be 
gradually effected, than produced by violent 
“means. — : 3 
3 When one ear only is affected, it 1s not ne 


ces, 
sary to introduce the apparatus into the meatus — 
of the other. In these cases I have directed its 
passage through the affected ear, and to the hand 
“on the other side... ‘This is conveniently done by 
immersing the hand in a glass of water, in which 
the conducting wire is placed, . 
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APPLICATION OF GALVANISM TO CASES OF WEAK- 
NESS OF SIGHT, AND OF AMAUROSIS, 


I wish it were in my power to speak as favour- 
_ ably of the effects of galvanism in complaints of 
the eyes, as in those of the ears; but as yetI 
have not met with one successful case, I have 
tried it bothin incipient amaurosis, and in the 
completely formed gutta serena, without observ- 
ing any favourable change whatever. In the 
application of this principle I have adopted every. 
possible mode, either suggested to me by others) 
or conceived by myself, without having been 
enabled to reap any advantage, Although Gra- 
PENGIESSER has published several surprizing in- 
stances of ‘cures in the above complaints, still, 
- from the yariety of cases in which T have tried 
- the galvanic influence for a period of several 
months, without having been so fortunate as to 
afford any relief, I now entertain but little 
hope of its efficacy in these cases. In chronic 
ulcerations of the eye-lids, I have been more suc- 
cessful, by producing a change in the morbid 
ation of the part. In one case of blindness, in 
which I applied galvanism for a considerable 
length of time, the patient laboured under ald 
ulcerations of the legs, which, from the influ- 
ence of the galvanism on the system in general, 
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took a favourable turn, and were in a short time 
completely healed. 


INFLUENCE OF GALVANISM IN SPASMODIC AFFEC- 
TIONS, AND IN CASES WHERE THERE IS A DEe- 
FECT OF MOTION, OR A WAN'T OF ACTION, 


we 


In involuntary a¢tions of the muscles, I know 
of no remedy so efficacious as galvanism. Ina 
contracted state of the fingers, or hands, how- 
ever violently the latter may be clenched, on 
the application of this principle for the space of a 
few minutes, it rarely fails to induce a relaxation. 
In cases of cramp, if of long continuance, and 
even of tetanus *, or locked jaw, it has afforded 
relief in a short space of time. In contraGions 
_ of the joints, and in all cases of rigidity, it will be 
found a very advantageous stimulus, which will 
greatly contribute to the restoration of motion. 

_In the stiffness of the joints, occasioned by the 
gout, it has come under my observation that the 
stimulus of galvanism, conjointly with the flesh- 
brush, has been attended by the happiest effects, 
It seems to give such a tone to the blood-vessels 
as to render the circulation more vigorous. In this 
state of the disease such an effect is very desirable, 


* A yery intelligent gentleman, General Warson, in- 
formed me of a case of tetanus, which had resisted every other 
remedy, having been completely relieved by a quarter of an 
hour’s application of this principle, to the conyulsed muscles. 


Perhaps 
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Perhaps in no case are the advantages of gal- 
vanism more sensibly experienced, than in in- 
dolent tumors, or scrophulous swellings, which 
have long remained stationary. By the influence 
of this principle, tumors of this kind have in a 
few days been brought either into a state of sup- 
puration or resolution. Many swellings are of 
such a nature, that their removal by either of 
these means is desirable. I have frequently ap- 
plied the galvanic principle with the utmost suc- 
cess in inguinal tumors, which had _ resisted 
every other curative intention. The obtuse ach- 
_ ing sensation, generally attendant on these in- 
dolent tumors, is very speedily removed. In 
scrophulous affections of the neck, it has been 
found very beneficial. 

The continental practitioners mention some 
eases of its utility in enlargements of the pro- 
strate gland. In such cases I have never made 
trial of it, since I have always been averse to the 
intreduction of any metallic substance into the 
urethra, it being constantly productive of great 
uneasiness. ‘This circumstance has not escaped 
the penetration of Mr. Home, from whom I have 
learned, that he has observed the introduction 
of a silver catheter, to be invariably productive of 
more pain than a much larger sized catheter of 
elastic gum; and that he is persuaded of the 
existence of some irritating cause in metallic sub- 

stances, 
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stances, which cannot be referred entirely to their 
durity. This appears to be the case with metallic 
bougies, which are always more distressing to the 
wearer than. those managed from ‘elastic 
gum *, Since the discovery of the universality 
of the principle of galvanism, there can be no — 
doubt but that the introduGion of a metallic 
substance, which is never free from an alloy, 
constitutes a simple galvanic combination. On 
this principle its irritating cause is easily ex~- 


agate 


4 
* The great advantages which are derived from having 
these valuable instruments manufa@tured of maaterials possess= 
ing all the requisite properties of pliability and smoothness, and. 
incapable, at the same time, of being acted on by the animal 
finids, have occasioned considerable attention to be ae nN 
on the chemical. arrangement of elastic § gum, the subst 
the best calculated for such a purpose, when it is properly pre- 
pared. The bougies thus manufactured undergo no change, 
‘either by use or by a diversity of climate. About a dozen, 
consisting of all the different sizes, will consequently suffice 
any person for life. They are admirably calculated for the 
Fast or West Indies, where stri@tures in the canal are very 
_ prevalent. To this process‘I have devoted many years atten- 
tion; and have now ultimately succeeded in bestowing on the 
elastic gum so even and smooth a surface, as to make it cons 
stitute the easiest bougie now in use. These bougies may be 
had in proper sets at No, 19, Soho-square, London, 
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ENFLUENCE OF GALVANISM IN CASES OF MENTAL 
DERANGEMENT. 


So few are the means we possess to relieve 
those who unfortunately labour under intellec- 
tual derangement, that whatever presents the 
faintest prospect of success, claims the attention 
of the practitioner. In the records of the medi- 
cal application of galvanism, two remarkable in- 
stances of its good effects, in maniacal cases, 
have been adduced by Atpinr. One of them 
afforded an instance of a gradual diminution of 
the energies of the mind, which ultimately sunk 
into stupidity ; and in the other case, which was 
ef a directly opposite nature, the system was in 
a state of violent excitement, and the patient 
- raving and unmanageable. 

Melancholy madness is accompanied by an 
universal inactivity ; a torpor in the vascular sys- 
tem; a paleness of the countenance; a coldness 
of the extremities ; a contraction and shrinking 
of the skin, over the whole of the surface of the 
body ; a smallness and slowness of the pulse; a 
want of appetite; a deficiency of muscular force; _ 
and a sensation of languor which overspreads 
the whole of the frame. , 

These symptoms are the effects of the im- 
pression on the mind, whether it be occasioned 


by 
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by grief, sorrow, or fear, and fully demonstrate 
the reciprocal action and re-a¢tion which exist 
between the corporeal and vital parts. My very 
ingenious friend Mr. Hasztam, in his observa- 
tions on insanity, has, with a certain share of 
humour, ridiculed the idea of a disease of the 
mind. ‘The great opportunities he has had to 
examine all the varieties of mental derangement, 
and the correct descriptions he has given of them, 
persuade me, notwithstanding, that he must be 
convinced of the actions of the vital principle 
being deranged in these diseases. 

_ The opinions of the above physiologist border 
on materialism. He supposes, with Prissriry, 
that matter may be so arranged and organized 
as to be able to think. ‘This persuasion, accord- 
ing to him, derives some support from the dis- 
eased appearances of the brain; and to organie 
affeions of this nature he ascribes the incor- 
reCt association of ideas. 

If such were in reality the case, the same 
state of derangement ought to accompany simi- — 
lar appearances of the brain ; but the cases which 
Mr. Hastam has adduced prove the contrary. 

What the principle of life is, our limited fa- 
culties do not allow us to ascertain. All we know 
is, that there is an active something which does 
not possess the properties of matter; and that 
all its laws and actions are peculiar to itself. To 
suppose 
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suppose that matter should, by any state of exility, 

be capable of simple sensation, would be as difli- 
cult as to conceive that mites are the result of a 
fortuitous arrangement of caseous particles; or 
that the elephant is the chance Gennes of the 
wood he inhabits. 

In cases of mental derangement originating 
from the passions of grief, sorrow, or religious 
fear, and in which the system has sunk into 
apathy and dulness, the stimulus of galvanism 
affords some prospect of success, more especially 
if the patient be not advanced in years. It is in 

general supposed, that deranged persons require 
the action of more powerful stimuli on their re- 
spective organs, than persons ina state of sanity. 
Mr. Hasvam has however proved, that a difference 
is not requisite in the doses of medicines admini- 
stered to them; although it has been usually 
remarked, that they suffer less from operations 

performed upon them than other individuals. 
In one of the cases Anpint has described, he: 
employed a pile consisting of eighty pairs of 
silver and zinc plates. Its application was di- 
rected through the upper part of the head, one 
of the hands being placed in a glass of salt and 
water. At the end of two or three days, the 
patient smiled, as if to denote that the sensation 
was pleasurable. After a few days had elapsed 
the head was shaved above the frontal sutures, 
and 
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and moistened with salt and water. The gal- 
vanism having been direéted for’ several days 
through this part, in a little time the patient re- 
covered, 

From the effects I have noticed, in the appli- 
cation of galvanism to the brain, T should not 
induced to employ, at the commencement, 
such a.series of plates as the above. It is better 
to be slow and gradual in augmenting their num- 
ber, than to subject the brain to too violent an 
action. — 

In the species of delirium which is termed 
hypochondriasis, in which a number of symp- 
toms, evincing a deranged state of bodily health, » 
occur, before any alienation of reason takes. 
place, the stimulus of galvanism promises con+ 
siderable success. The symptoms indicate a dis- 
ordered state of the stomach and intestines ; Ds 
flatulency; a a sensation of suffocation 5 and. an 
acidity, connected in general with a costive habit. 
In this case gentle shocks of galvanism, sent 
through the stomach and diaphragm, may tend — 
to correct these morbid actions *. 


_ * A case of hydrophobia, which consists of derangement of 
the intellefiual powers, occasioned by the application of poison, 
was completely cured by powerful shocks of galvanism sent 
through the head. The mind is surprizing]y influenced by this 
principle, when direfied through the brain. The sensation is 

_peculiar, and cannot be imitated by electricity. : 
n 
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Tn the distréssing complaints to which females 
are so very subject, and which are usually termed 
nervous headachs, attended by a violent op- 
pressive sensation over the eyes, together with 
nausea, and an almost entire inability of mo- 
tion, I have derived the greatest advantage from | 
the employment of galvanism, by direCing th 


power of about a dozen plates through the tem- q 
ples. be ’ 


In a case of ideotical derangement, of nearly 
ten years standing, originating from a suppressed 
mercurial action, I tried the effect of powerful 
shocks through the brain, for some weeks, with- 
out observing any particular advantage. 


2 


~ 


EFFECTS OF GALVANISM IN CASES OF SUSPENDED 
ANIMATION. 


via’ Then the Pégpraininy influence of the prin- 
. ciple of galvanism, on the muscular fibres of 
dead animals, was first observed, it was natural 


to expe that great advantages would result from 
its employment in those particular cases in which 
life is not extinguished, but its influence on the 
animal organization merely suspended. 

~The divided part of an animal, when cut off 
from the sources which might be deemed ab- 
solutely requisite to the support of its living 
energies, still evinces manifest signs of the exist- 

ence ag 
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ence of a vital principle, when roused into action 
by galvanism *. 

The muscular contrations induced by the in- 
fluence of a small portion of electricity, were 
strongly manifested in the experiment which led 
Gatvanr to his important discovery. This is 
represented in Plate VIII. in which AB is a 
plate electrical machine; C the prime conduétor ; 
D a brass ball held at a distance of two or three 
inches from the prime conductor by an assistant ; 
W the experimenter, with a prepared frog, E, 


* Tn the plate at the commencement of the first volume, is 
represented the head of an ox thrown into convulsive motions 
by the influence of six galvanic batteries. When the head is 

warm, and has not’ been long separated from the body of the 
animal, ‘the convulsive actions are very considerable. The 
eyes open spontaneously, and the pupils become dilated. The 
ears and horns move with a considerable force ; and when the 
tongue is drawn out, and even secured te the table, by perfo- 
rating it with an iron skewer, which is made to penetrate into 
the wood more than half an inch, I have frequently observed 
a retraction of that organ, so powerful as to detach the skewer 
from the table, and to throw it up into the air, tothe distance 
of nearly a yard. When I subjected an entire sheep to the 
galvanic. influence, the motions resembled the convulsive 
struggles of animals in an epileptic state, and were much more 
powerful than the natural actions. The horses recently 
killed, which I likewise ‘galvanized, required two persons to 

restrain the motions of each of the legs. 
On 


a 
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on a plate, and touching the muscles with a dis- 
secting knife. As often as a spark passes from 


C to D, the muscles of the frog are thrown into 
action, even at a distance of two or three feet 


from the machine, with which it is re dis- 
connected. © 
In the living animal, when the enisclei™| 


under the controul of the will, the contractions 


are very feeble, when compared with those 
which are etited on this connexion being 
destroyed. | | 

| AbpINt chee miely supposed that the heart, 
in common with all the involuritary muscles, is 
not susceptible of the galvanic influence. Nys- 
TEN has, on the contrary, asserted that the heart 


retains this faculty longer than any other muscle. 


The observations of the latter of these naturalists 
carry with them such an air of suspicion, re- 
latively to the accuracy of his experiments, as 
to merit very little attention. Wassauur-Eanpr 
remarks, that wher the heart is acted upon with- 
in thirty or forty minutes after death, ‘the con- 
tractions are evidently perceived. Humeoupt 
and GRAPENGIESSER have related instances of the 


& 


intestines being a€ted upon by galvanism; and 


my friend Mr. Carpus has assured me that, con- 
jointly with Dr. Pearson, he has produced simi- 
lar effects upon the alimentary canal, 
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When life is suspended*, and the principle 


of irritability not destroyed, the stimulus. of 
galvanism, if prudently employed, may rouse 
the dormant energies of vitality, and restore the 
system to its naturally active state. Fortunately, 
in most cases of asphyxia, the prinéiple of irri- 
tability is not in any degree lessened. An ani- 
mal, whether drowned in water or in hydroger 
gas, exhibits nearly the samesymptoms. When. 
exposed to either of these media, the pulse soon 
becomes weak and frequent; the animal feels at 
the breast an anxiety which it struggles to re- 
lieve; and these difficulties increase until it falls 
down without sense or motion. — | 


z 


> 


% My learned friend, Professor CoLteman, in the intro- ~ 
dution to his Dissertation on Suspended Animation, deems the 
éxpression, suspension of life, as not physiologically corre@, 
and has substituted the term suspended respiration. It appears 
tome, that there are greater objections to this latter term than 
to the former. In that particular state of the system in which | 
all the animal funétions are quiescent, not only the respiration, 
but also the circulation and all the secretions are inactive. The 
change induced is better expressed by the general term of sus- 
pended animation, than by particularizing the suspension. ef 
one organ only. The term suspension cannot imply either 
abolition, or total destruction; and hence, iA cases in which 
the powers of life are not destroyed, but merely dormant, the 
word suspension very.clearly expresses that particular state of 
the aninial functions. D 
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- DOEs states, that a rabbit which had been im- 
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ms * 
Dr. Prresriey observes, that hydrogen vas 
kills animals as soon as carbonic acid gas; but 
this has been found not to be the case. ScHEELE 


was enabled S make 20 inspirations of hy drogen 


eas without “much inconvenience ; aud | have 


myself frequently made nine or ten: Dr. Bep- 


mersed in hydrogen gas for the space of seven 
minutes; was afterwards recovered. In hydro- 
carbonate gas, one of these animals was quite dead 
in one minute and a half ; in catbonic acid gas 


not ler was perfectly irrecoyerablé after one mi- 


nute and a quarter. ‘The noxious airs to which | 


_we ate principally exposed; are the carbonic acid 
gas, constituting the choke-damp, and hydrogen 


pas, which; in mines, is usually termed wild-fire. 
The suspension ¢ of vitality, by immersion in either 
2 ‘cases; or in water, in no degree di- 


of these | 
minishes the irriaili ity of the .muscular fibre. 


it is not, howev er; the mere excitement of the 


muscular system, with a view to the renewal of 
its aClion; that will suffice for restoration ; its 
employment must be combined with other means, 
 Srruve, in his Practical Essay; observes that 
eleQri icity ought not, im cases of suspended ani- 
ination, to be resorted to without a mature con- 
sideration; buat his directions are not founded on 
good philosophical principles. Professor Coxz- 
MAn ascribes the suspension of life to a collapse 
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in the lungs, by which, he says, a pshantome ibe 
_. struction in the interior pulmonary vessels takes 
~ place, with a want of latent fire in the blood. 
This Crawfordian doctrine of the evolutions of 
heat, I have already examined. Upon, this idea 
the ingenious Professor observes, that the indis- 
criminate electrification of every part of the body 
is more injurious than beneficial ; and that more 
especially, by an attempt to stimulate the heart, 
while a collapse of the air-cells exists as a cause 
which must impede its action, its irritability 
would be destroyed, and no Saisibnt action pro- 
duced. It is well known, that in proportion as. 


the muscular fibres are in action, so the irrita- 
pility diminishes. Thus, in a prepared frog, ex- 


posed to a powerful galvanic apparatus, the mus- 
cles soon become rigid, and incapable of action. 
Upon this very rational principle, the Professor 
recommends the previous expansion of the lungs. 
The heart being now acted on, beneficial effects 
may be expected to result. 

In cases of suspended animation, whether from 
drowning, hanging, or exposure to noxious gases, 


the body should be divested of its cloathing, and - 


placed in a warm bed, nearly approaching to the 
natural temperature. If it can be procured, air 
with an increased proportion of oxygen should be 
introduced into the lungs; and, at the same in- 
stant, very gentle galvanic shocks should be sent 


throu oh | 
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through the body, in such a direétion as to in- 


fluence the heart. By combining this principle 9. 


with the other usual means, the most advanta- 


’ geous effects may be expected. In the case of 


Forster, five or six hours after his execution, 
such actions were produced by the galvanic appas 
ratus, as to lead the praCtitioners who were — 
sent, to suppose that, at this late period even, a 
recovery might, by perseverance, have ensued, 
The general idea that, in cases of hanging, the 
vertebra are dislocated, is erroneous. Very few 
instances have occurred of any organic derange- 
ment ; insomuch, that whether the death be 
occasioned by hanging or drowning, the cause is 
the same. 

[have constantly entertained a perstiasion, that 
complete death takes place from the arteries 
being emptied of their contents. In the last 
convulsive agonies, those arterial terminations, 
which do not admit the passage of red blood, 


~ having lost their resisting power, suffer the whole 


of the blood to be emptied into the venous sys- 
tem. In this way the energy of every part of 
the body is destroyed. 

Having thus considered the principle of gal- 
vanism in its operations upon animate and 
inanimate matter, I presume that this subject 


~ will be deemed worthy of our most serious atten- 


tion. It enables us to refer to the same cause 
Hh3 : many 
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| many beautiful phenomena in Nature; and ts an 
», additional argument in proof of the simplicity by 
which ail her processes are effeled. The disco- 
very of this principle has contributed to remove, 
in a certain degree, the veil which has hitherto 
prevented us from comprehending a variety of 
changes in the material world. | 
On a ‘supposition that galvanism 1 is the inter- 
mediate principle between matter and spirit, I 
cannot, I must canfess, _ conceive the mode in 
which the agency is effeded. To comprehend 
the essence of our own. animation, requires the 
_ powers of a principle superior to that which-we 
possess. Infinite as I regard the difference be- 
tween common matter and our vital principle, 
still we may suppose another infinitude, between 


our spring of life and that source: high compres 
hends all, 


Quippe haud tam locuples heec, tamque immensa, suppellex : 
Corporis in cellis poterit stipata teneri, 

Aut vi corpored revocari in Inminis oras, 

Quenam istheec: nisi vis divinior, eetherisque 

Sensus, et afflatu coelesti concita virtus? * 


* Isaac H, Browne, de Animi Immortalitate, 
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SINCE Chapter XXXI. relative to the li- 
mnitation of charges, as observed in a series of 
very small plates, has been printed off, I have. 
made various experiments on Potteries consisting” 
of plates ar different. sizes, and have observed: 
that, with those of the larger size, there are cer-. 
tam limits ; ‘insomuch: that, in continuing the 
de agrating operation, numbers .are to be:.con-. 
sulted. ? ac ie 
In a battery Dsistine of afty plates, eh | 
measuring eight inches on one of its sides, and 
in which, consequently, the area of the whole of * 
- the ZAnC surface exposed is equal to 3200 square 
inches, the first effect upon a piece of fine wire 
is in the ratio of the surface. The second effect,. 
if quickly repeated, is considerably weaker ; and 
its powers diminish rapidly. If the battery be 
left for about ten minutes, it will then accumu. 
late nearly the same powers. 

If two metallic conductors are brought into 
contact for a moment, a fine wire applied imme- 
- diately afterwards will not be deflagrated. Gold- 
leaf itself will be but faintly scintillated. 

If such a surface be employed, by the means 

wha of 
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of four-inch plates, it will require two hundred 
of them, to be equal to the battery above de- 


= scribed. Although the surfaces are equal, the 


deflagrating etiects are more uniformly preserved 
in the latter battery. 

From this remarkable circumstance it would 
appear, that the galvanic operation is not pro- 
portionally aétive in large plates as in small ones. 
We may hence deduce, that it is not necessary, 
_ for any experiment: whatguer, to emp loy larger 
plates than those of four inches; and that it is 
expedient, according to the effe€&ts we wish, to 
consult numbers. For continual brilliant defla- 
grations, 300 four-inch plates will suffice. 


In using the batteries, great care should be 


taken that the same kind of mixture, in charging 
the battery, be employed. If diluted sulphuric 
acid be once used, the effe& of muriatic acid af- 


terwards will be considerably less than if the lat~ 


ter acid had been first employed. 
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AIR, atmospherical : its influence on galvanism ; 
and funtions, as a medium, ror ic- 204,205 
ee ii. 224 


the idea of a vacuum incompatible w 
tion of the apparent exhaustion of a pneumatic re- 


ceiver, ri ae ~ it 225 
influence of electricity on air, -~g . Fi. 233-236 
proofs of the aétion and re-aétion of air and eleétri-. 
ers pa eee * -# ii. 238-242,273 

"theory of the Leyden phial, - - li, 259-265 


zemarks by Dr. Crawrorp on the proportionable 
capacities of different kinds of air to retain heat, 


(See Heat), ~ - ii. 404-409 
at what temperature common air expands most by 
heat, - - - ii. A15 
calculations of the quantity of air inhaled by respira- 
tion, pe - - li, 421-423 
ALpDINI, ‘Professor, nephew to Gazvanr; his experi- 
‘i ments and observations, - i. 387 
contraCtions excited without the intervention of metallic 
substances, - | - I 387 
by the application of silver alone, - i. 388 
inferences, - - - 1, 388,389 
experiments in the presence of two commissioners of 
the French National Institute, - i 389 
his endeavours to reconcile the theory of VouTa to 
that of GALVANT, - - i, 390,301 
his medical application of galvanism, - i 393 
Amalgams ; best preparation of, for the excitation of elec- 
tts tricity in glass, - (note) ik. 231 
Amaurosis, application of galvanism to the cure of, 1,405, 1.455 
Ammonia, experiments respecting the acid solutions of 
metals with, - - it. | 60;61 
Amphibious animals, effets of galvanism on, i, 291-293 
Ampuiated limbs, experiments on, - i, 71, ii. 191 
| Animal 
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Animal heat, analysis of M. Jossz’s inquiry ae ie 
ok specting, - a Hig i, 172 
& , é system relative to caloric, - i. 172 
a application of these principles to animality, i. 173 
influence of different temperatures on animated be- 
| ings, - ~ i, 174 
‘ - Animal Silstances, galvanic combinations produced 
a by, - - : ii, 333-342 
x Animals, description of those best calculated for galvanic 
experiments, 3 = % 
. various phenomena in the animal systera explained by 
ee galvanism, _- - - Lise DE, 22 
state of eleGtricity in the animal during galsapic Xia 
& — vations, ascertained, «4... - 22 = 34 
experiments respeCling the influence of the galvanic 
fluid on those parts of ai imals not governed by 
the will, - i, 207-212, 266, 302-305, ii. 197 
universality ‘of the influence of galvanism on ani- 
mals, a * Al, 218 
: conditions necessary to produce in Si a the gal- | 
. # tan vanic phenomena, ~ - Hels OG 
- gnfluence of galvanism upon the different classes of 
a animals: ~ amphibious animals; birds; fishes; in- 
» =* geéts: see those articles: Upon man, 1, 2903 


method: of exciting the gelvamc phenomena in ani- 
. mals, ae - - ied. 303,364 @, 
experiments on the means of vary ing , enfeebling, and 
we)” wer irepatcd the susceptibility “of animals, 1. 376,377 
~ See also the articles Blood; frogs; Muscles; Nerves ; 
Time; and Vitality, 
Aphony, arising from a de fect of. the nervous action ; ap-_ 


plication of galvanism in the cure of, 1.428; 434 
 Apoplexies ; phenomena of, compared by Garvani with 
the effects of electricity, - di AQL 
Arcs: the two species of, the animal and the exciting, — 
explained, - - 1. 364 
parts of the anita which are essential in the arc, 1. 241 


experiments and conclusions by Hau respecting the 
essential parts of the anzmal arc, and aa dis- 


positions, co. - 305, 306. 

" respeCciing the parts of the exciting are, and theig rela- 
tive nature and dispositions; = i. 308-372, 375 
definition of the exciting arc, .. -». we. i. 188 
general remarks respecting exciting arcs, i. 58, 72; 73, 250 
peculiarity of the leaden exciting are, i eS 32 
on effeg 
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~~ effect of the metallic are in an insulated state, y, 23. 

different results of different methods in the application 
of the exciting arc, - - i 40 

" phenomena in the operation of various metals as ex- 
citing arcs, "iy - i 45 

conditions essential in the arc, to produce in animals 
the galvanic phenomena, - i 239 

inquiry whether the employment of the arc always 
necessary, aa ~ / 1, 239,240 
constituent parts of the arc, ~ 2 join POAT 
classification of the different substances, i. 242,243 

question of those which are inaccessible to the gal- 

"- yanic Aude” - Si i 244 
respecting the cause of the different degrees of ~ 
“susceptibility, 98 -" - i. 245 

modifications of the galvanic forces, produced by 
chemical mixtures, - i. 245 
by the friction of certain bodies, - i. ' 246 
by the form of the exciting are, wae 248 
__ py the diverse arrangements of the arc, S 248 


effect produced by the employment of two arcs in the 


same part, - ~ i yt 252 


inquiry respecting the manner in which the galvanic 
phenomena are modified by the application of. thea «. 
arc to the animal, asin oth PT 
Army and Navy surgeons should be provided with asimple | 
galvanic apparatus in inspecting the bodies after 


an engagement, - 4, 415,416 
Arteries, experiments on, - i, 154-157, 210-212 
capacity and structure of, : "ty; we 437 
Asphyxy; experiments relating to the effects of, on the 
‘muscular organs, ~ - -> 1h a7S 
reflections, ~ . - «1. 379,380 
knowledge of the nature and treatment of asphyxies to 
be derived from. galvanism, . - *4 1 385 
employment of galvanism to distinguish real death from 
asphyxy,. - ane i, 406 
objections relative to the efficacy of this method, i. 407 
» observations of HUMBOLDT upon, - i, 410 
his experiments on this subject, ~ i. A12 
remarks, > = - bevy 2 AMS | 
uncertainty of this criterion, - i, 414. 
not to be rejected entirely, _ i Als 
uestion whether it is capable of recalling to life in- 
dividuals apparently dead, - i. 416 
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——— experiments on animals, - i, 49, 50, 5% 

medical application of galvanism to asphyxies, 1,420, ii.466 
Abmogp here, experiment relative to its influence on the 


“ _ phenomena of galvanism, ~ ii. 8 
varying state of, dependent on the principle of elec- 
tricity, “ - il. 274 
production of various atmospherical meteors, 
ascribable to the same cause, - if. 276 
method of determining the height of the atmo- 
sphere, - - (note) ii. 277 
Aurora borealis, prodution of this < pubes gga 
on eletricity, | ” ~ . 278,270 
when first observed, - _ (note) ii. 279 
observations respecting its — , nature and appear- ‘ 
ance, = oe - ii, 280,281 
3 # B 
Battery, galvanic ; definition of, - ii. 300 
its construction, and operation, _ ii, 251 
improved by the addition of a wooden tr cueh, ii. 353 
_ advantages of this appendage, - . i. 355 
fluids most proper to be employed, ~ i. 355 
choice of metals for plates, - (note) ii. 358 


effect of the battery proportioned to the number of 
| plates, and not to the extent of their sur- 


face, - - = il. 359,304 
experiment, = = ii. 365 
theory of this circumstance, - ii. 360, 365, 366 

inequality of the cells, - ~ ii. 367,368 
the cells should be insulated, - i. 371 
method of conneing several batteries when neces- 

sary, = - - ii. 357 
in combining several batteries, 7 should be of 

equal force, - ii, 372 

shocks produced by batteries of different magni- 

tudes, - - il, 18,19 

powers of water, and of the human body, as KS 

tors, + ~ 362-364 

employment of the battery in the practice “ me- 

dieine: (See Medicine), - i, 424 

modes of its sepia different im different npg se 
= . 480-434. 
decomposition of various fluids, feted by the bat- 

tery, = it. 374 
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—~ deflagration of metals: (See Deflagration), ii. 390 


experiments with the Teylerian battery, il. 107 
See also Pile. 2. om 
Battery of the nerves Wi living animals, projected, 1. | (187 
Belt, galvanic; account of one and its effects, made :, 
and worn by Mr. Txsp, of Lancaster-court, 4 
Strand, Wiper (PS - i. 434-437 
Bile, operation of galvanism on, - i. 462 “ 
Brot, M. his memoir on galvanism, - it, 154-171 5 4 
Birds, experiments on the revival of, - i, 299,300 | 


Blisters. See Vesicatories. 


Blood ; phenomenon observed respecting, in experiments = 
on animals deprived of life ina vacuum, 1. Al 
experiment by YourDES. respecting the vitality of 
blood, ie ; i 64 


Fowl er’s experiments respc@ting the comparative 
operation of narcotic poisons on the blood, or 
on the muscles and nerves, —— - i. 158-160 
influence of the blood in galvanic operations, i. 331,333, 334 
proportions of charcoal contained in venous and in 
arterial blood, - - i. 330 
different capacities for heat, in the arterial and the 
venous bloed, - ~ ii. 403,404 
expansion of venous, and of arterial, blood by heat, 
at different degrees of temperature, li, 416-419 
~ghemical changes produced in the blood by the pro- 
cess of respiration, ~ ' i. 410,420, 422,423 
explained by Dr. Wetxts, on the principles of 
optics, : - - il, 430 
microscopic appearance of the globules of the blood, 
il. 431 
respiration deemed a stimulus to the circulation, ii. A31 
hypotheses on the principle of circulation, i. 432,433 
question of the return of arterial, into the state of 


venous, blood, - - ii. 436, (note) 437 
process of the formation of blood, a ii. 438 
Blood-vessels not conductors of electricity, 1, 4s 
experiments by Fowrsr relative to the influence of 
-galvanism on the vascular system, x, dig 2,154 
experiments on the arteries, - i, 154-157, 210-212 
Bougies, improvement in the structure of, ii. 458 
Brain, effect of wounds in this part of a frog, re 40 


experiments respecting the dependence of the heart 

upon the brain, - ~ ii. 196-203 
respe@ting the influence which the destruction of 

: the 
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“the ‘vital energy of the brain has on that 


of the respective organs, . il, 204 
application of galvanism in cases 0 paeaysis arising 
«from a defective energy in the Brain, = - 444, 445 
Brucwatecc, M. his observations: on the ohio oe the 
electric acid, 4 ae et i. 136-145 
Cc 
Cworia 3 system relative to, — =< - ay 172 
effects of its ation on the substance of fat, i 174 


See also Heat. 


€arlon, power of galvanism in detecting ua existence 


of this principle in substances, i, 329,331, 332 
Cariiste, Mr. his experiments and i inquities, ll. AG 


CARPUR, Mr. his experimenis, ” - Bee IOS 


Cataract, application of galvanism rélative to the cure 
of, - = “ i 1, 410,465 
Celerity of the galvanic and of the nervous fluids, i. 281,282, 
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See also Velocity. 
Chain, galvanic: experiments with a chiaih formed of per 


sons, : - i: 32 
communication for med of the handsof the operator, i. 32 
effects of different modifications and circumstances 

of the galvanic chain, upon the fluid, i. 349-360 
means to augment the effect of different chains, i. 360 

Chapelet de tasses, a peculiar apparatus of BRUGNATELLI; . 
described, - - ils 39 
Charcoal, its power as a conductor of eleétricity, i. 62, 63, 327 
most powerful when recently made, i 329 


as a galvanic condudtor, - . 84,183, 184, 326 

its conducting power equal both in reaens and gal- 
vanism, - - - il. 330 

its different capacity, as a conductor of cleGtricity or 
otherwise, in an entire and in a powdered state, i. 217 


method of preparing the best charcoal, - it. 330 

attentions in the process, and choice of woods, ii. 331 
proportions of charcoal contained in venous, and in 

arterial, blood, - - nr 330 


. See also Wood. 
Chemical substances, observations of Prarr relative to 
their effect as members of the galvanic chain, i. 330 


‘Chemistry ; discoveries to which galyanism has given, and 
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— powerful effe& of galvanism as a chemical 


agent, = = (note) i. 304 
Coatings, defined, - - (note) i. » .4198 
experiments of M. Vacut, on the influence and effeéts. 
of metallic coatings, - i. 28 
effects of the communication between an armed and an 
unarmed nerve, = = i 35 
a nerve armed at different intervals of the mus- 
cle, ~ - i 35 
the coating applied to the tunics of the nerves, 1. 45 
coatings of the muscle, - - re 40 
remark on the application of coating to the nerves, 


observations of Reinuoxp respecting the application 
and comparative efficacy of coatings in gene- 
ral, - oe < A a 
of homogeneous coatings, - ic 204, 2 
this last subject treated by HumBoupr, i. 272, pe 
contractions of the muscles produced by a of. 


the nerves only, - - i, 212,213 

of the muscles only, - ~ is 213 

. by coatings added to moist conductors contiguous ‘is 

to the animal, - ~ ic 214 

different states of the coatings, in different cases ae 

in this experiment, - - ee) 
discovery by Humgotpr respeting the coatings of the 

. nerve and muscle, - - ie 274 
uses and advantages of metallic coatings to electric jars, 

explained, -- - li. 269 


See also Metals. 
Cold-blooded animais ; convulsions excited in, by the in- 
fluence of warm-blooded animals, by topes 


. 391,394 
Comlinations, of metals in the construction of shi ‘Vol 
taic pile, » - - - ii, 97,100 
simple galvanic combinations, ~ ii. 300-306 
theory of galvanic combinations, ~ il. 320 
combinations produced by animal substances, ii. 333-342 
Condenser; application of, to the electroscope, li. 344 
Conductors, observations respecting the power of different 
_ substances as, ~ - i. 62,63 
those of silver recommended by VaLxi as most power- 
ful, - - - 1. 38 
effect of a covering of mercury on a metallic con- 
ductor, = = * 1s 74, 


— obsers 


‘ % 


INDEX. 


; . : VOL, PAGE 
— observations of Humsoupr respe@ing an 


unsound piece of flesh employed as a con- 


; __ ductor, and respecting the employment of 
~ different fleshy parts, ~ i. 294,272 
Pats 8 living bodies not sufficient condu@tors without arm- 


‘ ing, - oF - = i 78 
aa imperfection of the human body as a conduétor, 
li. 315, 363, 364 
mushrooms ascertained by Humpoxtpr to be perfect 


conductors, - - i; 2 
influence of charcoal as a condu@tor : (See Charcoal), 
he) 38807 
of minerals, ~~ = - il, 328 
of the Lydian stone, - - ii. 329 
proportionate conducting powers of water, and metallic 
bodies, ~ - - ii. 362 
all substances pervaded with carbon, become galvanic 
conductors, - - ll. 329, 331,332 
all substances, conduétors of eleétricity, likewise con- 
ductors of galvanism, eee ee ate 306 
te conductors, and non-condattors, - il. 214 
table of, - - - ii. 307 
effects of different changes suffered by conduéting 
bodies, ee - - il. 215 
_ by metallic substances, - | ii, 216 
by water, - - - ii, 216,217 
by wood, - = ~ ii, 217 
General remarks respeCting condutors, by M. Vaxx1, 
i ta i, 57,58 
by BeRLInGHIERI, - - 1 72 
divided by Vota into dry, and moist, i. 100, ii. 308 
his various methods of connecting them, 6 101 
another combination, j - Bo). 208 
ny each piece of metal insulated between aqueous con- 
; ductors, | - - is 103 
illustrated, - - ~ A 104 
combinations of two pieces of metal with con- 
ductors of different kinds, ~ i. 105 
, when connected:in a circle, - | ee 105 
moist conductors described, - es |g 
experiment, - 2 PRC 106 
experiment; a moist conductor between two different 
metals ys - ie 7) +h) REetOS 
between two pairs, - oe ae “109 
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— conclusion from the combinations, — i. 109 
simple cases of connexion, ‘ ne ee LO 
two different dry conduétors in contac, applied on | 
the other side to moist ones, - - 63—6S 110 
a metal between two different moist conductors, t. 111 
experiment, and inference, - t412,113 
classification of moist conductors, - i) «t' 9S 
ordinal arrangement, relative to their proportional 
power, - te - i 114 
comparative fitness of different metals, in their appli-. 
cation between these conductors, pea TTS 
case of a bow, consisting of ene metal, touching with 
both its ends the same species of fluid, i. 116 
experiment, - - 1s ily 
substances proper for comparative experiments of this 
kind, - - 1. 118 
metals proper to be used, - 1 119. 
superior advantages of tin, - i, 120 
fluids best adapted to be applied to it, i. 120 
experiment with two metals of a different kind, and 
a fluid, - eee - 1 121 
manner of exciting the eleétric fluid, by a circle of | 
three different moist conductors, ~ i. 423 
* - experiment, - ~ i. jam 123 
| conclusion, importance of conduétors in the theory 
of galvanic operations, - 1, 124 
additions to these observations: experiments by the 
assistance of Nicuoxson’s doubler, i, 125-132 
conclusion: the mutual contact, of two different: 
metals, the essential cause of excitiug the electric 
fluid, - - - 13 133 
contractions produced by coatings added to moist con- 
. duétors contiguous to the animal, 1. Q14,215 
experiments with various fluid conductors, by Rern- _ 
Hopp) - - ee be BAFZ2tS 
experiments through the agency of heat, as in glass, 
i: 218 
by violent pressure, - ii, 218,219 
different states of eleGtricity exhibited by an insulated 
conductor, - po ae i. 249 
illustration, “ - 9 250 
€ Respeéting the condu€tors employed in the gal- 


j . \ vanic pile—See Pile. 
Copper (or Brass) leaf; deflagration of, by the galvanic 
battery, - - a oe 393 
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CortaMBertT, his objeGions to the theory of 

| GALVANI, - - 1 75-77 
Couronne de asses; construction of, in the formation of 


the Voltaic battery, - ii. Boe 
Cramp, application of galvanism to the relief of this 
: affection, - " ppyeneceae) ii = il. 456 
Creve, his discovery on metallic irritation, i. 311 
CruicksHanx, Mr, his experiments and inquiries with 
the galvanic pile, - mute 52 
Crystals (ele&tric) of silver described, [P li. 140 
of tin, brass, and steel, - s8 Wal AT 142 
aitentions in producing these crystallizations, ii. 141 
Cuvier, Professor; report on galvanism, made by him to 
the French National Institute, il, 145 
D 
Davy, Mr. his observatioris and experiments with the 
galvanic pile, ~ ~ ii. SO 
Deafness, application of galvanism in the cure of, i, 422, 427, 
437, 443 
mode of operation, - - 1, 432, 433 
in the Author’s prattice, - - li, 449-454 
Decomposition of concentrated sulphuric acid, ii. 69 
of pure and colourless nitric acid, . il, 69 
of water. See Water. + - 
_Deflagration of metals : of gold-leaf, - ii. 64 
other experiments respeéting deflagration, li, C5 
gold, silver, copper, - - li. 66 
lead, tin, zinc, “ “ il. 67 
gold, silver, brass, copper, zinc, tin, ii. 134 
finely-drawn metallic wires, - il. 392 
finely-laminated metals ; gold-leaf, silver-leaf, cop- 
per (or brass) leaf, tin-foil, - ll. 302, 393 
this operation performed in a vacuum, Hi 304 
in carbonic acid gas, - - i, 394 
by the electrat produced in the galvanic decomposi- ~~ 
tion of water, - ~ ll, 3904 . 
on quicksilver, - - il. 395 
comparative influence of eletricity and galvanism in 
this process, - - il. 301 
Diaphragm of a dog, experiment on, i. 58 
of horses, . - - i. 60: 
extreme sensibility of this membrane, (note) i. 176 
effects of galvanism upon, in warm-blooded animals, 
; 1, 205 
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Doubler; experiments made with, relative to con- | 
du@ors, and their influence upon the con- 


nexion of metals, - - 14125-13832 

application of, to the elettroscope; - i. 345 

Drowned animals, experiments on, - 4; AQ 

See also Suspended Animation. 
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Eggs: theory of the causes producing the discoloration 
of silver spoons employed in the act of eating 


eggs; - = - i, 323 
Eleétricity : phenomenon of animal elettricity first ob- 
served by Gatvanr during an eleétrical opeta- 
tion, - - ote ae ar * 
his cle€trical experiment on this subject, 1. 8 
his application of the electricity of lightning to.the mus- 
cular system, - - 1. 9 
electrical tension produced by different tetals, ii. 31,33 
conjeCtures respecting a new electro-motor, il. 35 
experiments proving the effect of oxydation in the pro- 
duction of electricity, - ii, 86-96, 120-125 
metallic oxyds produced by eleétricity, i: 390 
xemarks upon conduétors and non-conduétots : (See . 
Conductors), - - Ber Q14 5 
positive and negative eleGtricities not two distin@t prin- 
ciples, ~ - . ao. Me 220 
emission, of positive and negative sighs by different 
substances, on excitement, ». - ii. 221 
different capacities of substances to retain the electric 
fluid, - - pcr 222 
principle of the admission of the electtic fluid into a 
non-electric body, caused by attrition, ii, 224, 226 
electric properties of glass in different methods of ex- 
citement and application, - it. 226 
best sort of amalgams, : (note) il. 231 
influence of electricity on air, - ii. 233 
influence of points on.electricity, explained, il. 246 
different states of electricity exhibited by an insulated 
conductor; - - il, 249 
illustration, - ~ = i, 250 
‘Justration of the quantities of the eleétric fluid con- 
tained by electrics, - (note) ii. 257 
theory of the Leyden phial, - il. 259 
illustration, - ~ a Hi, 26T, 268 
theory of spontaneous discharges, - il. 205 
uses and advantages of metallic coatings, ii. 269 


Lis — theory 


INDEX. 
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~« theory of electric phenomena, - il. 273 
effects of the resistance which bodies in their dif- ' 
ferent states furnish to heat, ~ il. 273 
varying state of the atmosphere, - il. 274 
influence of light on the electric capacities of bo- 
dies, - - ~ il. 276 
production of various atmospherical meteors : (See 
Meteors), - - il. 276 
arrangement of electricity, magnetism, and calo- 
ric, - - - ve 282 
consequence, - “ i. 263 
polarity imparted to needles by eleétricity, ii; 283 
phenomena of water-spouts, - li. 285-289 
of fairy-rings, ~ - (note) ii, 288 
of electrical animals, - - ii. 396 
Question of the Connexion of the Galvanic and EleGrical 
Principles. 
Their identity proved by M. pe ta Meruiere, i. 64 
observations of M. BeRLINGHIERI, in support of this 
opinion, - ae = js 72 
possible objeCtions, - - i, 77 
opinion of their identity supported by Vassauur 
. Eanop1, - - - i. §0-88 
exammed by Fowuer,. se <1, 237 
their dissimilitude proved by him, i. 142, 143, 160, 161 
opinion of Dr, We xis, ~ - 1, 103-165 
their identity denied by Reinuoxp, 7 i. 255 - 
by Humsotpr and Corraport, i, 263, 207, 298 
by Fasront, - - i. 316 
their analogy asserted, in the report made to the French 
National Institute, by M. Haus, Ls 384 
doubted in a subsequent report, by Professor Cu- 
VIER, - - - il, 147 
asserted by the theories of Vouta, - il. Q, 24 
opinion of M. Dumas, - Te 187 
of the Author, ~ .- il. 213 


review of different theories respe@ing their connexion: 


their similarity now generally acknowledged, ii. 290-292 » 


distinction which may be admitted, il. 302 
identity of the electric and the galvanic fluid proved | 
by Mr: Nicuotson, - ll. 50 
by the experiments of Vaw Marum and Viena): ts 
Tyee 112 
opinions respecting, founded on the experiments of 
the naturalists of Berlin, = - - il, 132-134 


——Inferences 
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—Inferences of M.Manpuvr,relative to the depend- 


ence of galvanic operations upon electricity, i. 30 
theory of VotTa on the subject, - n* 94,06 
comparative trials between the galvanic and electric 

phenomena, - ~ E 380 

comparative aCtion of electricity ~ of galvanism, when 

applied to medicine, A50, 451, it. 442-447 
explanation of the medical aétion of electricity upon 

the human body, - - i 456 


phenomena of apoplexies and epilepsies, compared by 
GaLvant with the effects of electricity, 1. 401, 402 

his opinion on the operation of electricity as a re- 
medy, and on the mode of administering it, 1. 403, 404 

comparative influence of electricity and of galva: ‘ism in 


the deflagration of metallic substances, il, 3Q1 
decomposition of water by electricity, u. 380 
elucidated in its sates tion by galvanism, ii. 382 
analogy of the stimul ating power of animal to that of 
other electricity, - ~ 1. 26 
state of electricity in an animal during galvanic opera- 
tions, - ~ a ila 34. 
effe& of the application of electricity to an animal dur- _ 
ing galvanic operations, - Laas 74 


quantity of electric fluid put in motion by the Voltaic 
apparatus, larger than can be obtained by the com-_ 


mon electric machines, at oon” 90 
See also the articles, Fluids, Peuiths phial, and Tor ‘pedo. 
Eleétroscopes and eleéirometers explained, ii, 936 
electrometer of CUTHBERTSON described, il. 949 
the eleétrophorus explained, - il. 253 
gold-leaf electroscope of Mr, Benner, n. 244, 313 
addition of the galvanometer, - il, 343 
of the condenser, - - i, 344 
iilustrations, - - li, 345, 346 
Epider mis ; experiments by HumsBo.prt, respeCiing its 
effects as a part of the galvanic chain, 1 597 
its tendency to weaken or inter cept the effects of gal- 
vanism, - - carry 368, 371 
Epilepsies ; phenomena of, compared by GALVANI 
with the effects of electricity, 1, 401; 402 
Excitement ; definition and classification of, by Rein-. 
HOLD, - ~ - i. 253 
galvanism a method of estimating the degree of 
excitement of a nerve or muscle, Hl 420 


excitement produced without the aid of metals, ii. 333-342 


See also Incitability. ; : 
1i3- Exciting 


INDEX, 
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Exciting arc. See Are. . 
Experiments, curious observation of Varirrespeat- 

ing the performance of, ~ ee! | 5a 
unnecessary, cruelty to. be avoided in experiments on 
animals, - - mca 65 
observations respecting attentions necessary in perform- 
ing experiments, - - 1.375, 376 
particularly when made for the purpose of forming a 
theory, =. - i, 190 
F 
Fasroni, his experiments and observations respecling 
the operation of metallic substances, 1. gia 
Fatry-rings, annular marks on the grass so called ; pro- 
duced by a discharge of electric matter, (note) ii. 288 
Falling stars. See Shooting stars. 
Feeling ; experiments respecting the influence of gal- 
; vanism on, = - i, 223 
feet of several animals; peculiarities of, in galvanic 
operations, - - OY | 
Fibres ; the existence ofa sensible and irritable one, neces- 
sary to produce in animals the galvanic pheno- 
mena, - - ee 226 
result of the experiments of HumBotpr to ascertain 
the existence of sensible fibres in the tendons and - 
ligaments, ~ - - th 279 
effect of a division of the sensible fibres, 1 287 
Fire-Cails; production of, dependent on electricity, ii. 278 
Fishes, effects of galvanism on, - i 291 
experiments on the hearts of fishes, - i, 304 
structure of their gills, - - 1D 434 
of the air-bladder, ~ - ne A435 
Flesh; observations of HumBotpr respeting the employ- 
ment of different pieces of, as conductors, i. 271,272 
fluids : considerations on the nature of the galvanic fluid, 
by Rernyotp, - - 1. 252 
inquiry whether properly intitled fluid, i. 254 
whether it is secreted in the animal, le 255 
conclusion respecting its nature, - i, 258 
his division of the hypotheses of different authors re- 
specting the galvanic fluid, - i, 258,259 
the galvanic fluid analogous, but not identical, with 
magnetism and electricity’; asserted by Hum- 
BOLDT, ? - nce 263 
his further remarks respeéting galvanic fluid, i, 266 
idea of the nature of the galvanic principle, and its 
analogy with electricity, deduced from his experi- 
ments, - = 1, 383,384 
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—- theory of Lewor respecting the nature and 


currents of the galvanic fluid, i. 340-362 


fats and inferences relative to the operation of the gal- 


vanic fluid by ALDINI, - i, 388,389 


theory of Dr, PrixesrLey, respecting the galvanic 


ig _— further 


fluid, - - - il. re, 
rapidity of the galvanic current, i. 113-118, (note) 391 
and also of the nervous fluid, - i. 281,282 
_ experiments, ~ - cede 119 
identity of the nervous and the eleGiric fluid proved 
by experiments, - Pe a, 
denied by CorTAMBERT, - 1, a7 
chemical observations of BRUGNATELLI on the nature 
of the electric fluid, - ii. 1380-145 
effeéts of the employment of different fluids in the com- 
position of the Voltaic pile. See Piles 
Fonrana, several experiments by, - 2 _ 60 
Fowxer, his experiments and observations, i. 134-160 
Frogs: these animals peculiarly adapted for galvanic €X- «5 
. periments, - peas 1 292 
extreme sensibility of their muscular fibres to the in- 
fluence of elericity, ne ii, 313,316 
periods of their greatest susceptibility, i. 383 
species of them more particularly subjected to experi- 
ments, - : - i 199 
methods of preparing them, i. 260, li. (note) 303 - 
time which they are able to support galvanic opera- ; 
tions, - - i, 38, 39, 206,207 
experiments to revive some killed by asphyxy, 1. 50 
causes of variety in the results of experiments made 
upon these animals, - ‘ 6) 
Fungi, observations on their galvanic properties, i. 339, 340 
See also Mushrooms. S | 
G 

Gartvant, succinct account of his life, . 4 

the incident which led him to the discovery of gal- 
vanism, - - 1. 6 
. his experiments, > ° i. 7-27 
his hypothesis, - - et hay ba 

Galvanometer, description of, - il. 343 

Gas; observations respecting the production of, in expe- 

. riments with the galvanic pile, - ii, 47,48, 50 
in the decomposition of water, ~ ii, 51 
other experiments on the subject, Se aR, 52 
conclusions, | « re 58 


INDEX, 
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— further éxperiments respecting the production 


_ of gas, - ah a ii. 81, 102, 152 
by the communication of the two extremities of the 
galvanic pile with water, - ii. 149 
hypotheses in explanation of this phenomenon, ii. 150 
inquiries whether the galvanic influence can be trans- 
mitted through the gases, - HM 70 


gases produced from different chemical] mixtures, il, 71,70 
Glass ; its capacity, in different states, as a conductor of 
electricity, or otherwise, _ - li, 218,221 
its electrical properties in different methods of excite- 
ment and application, - li, 226-231 
best sort of amalgams, - (note) ii. 231 
its effect on the passage of the ele@ric fluid, i, 74 
“guestion of its permeability by ele€tricity, (note) ii. 259 
permeable, when thoroughly heated, by animal elec- 
tricity, ; yee - i. 57 
theory ofthe Leyden phial, and of ele€tricaljars, ii, 259-268 
uses and advantages of metallic coatings, li. 269-272 
Gold-leaf; deflagration of, by the galvanic pile and bat- 
tery, - ’ li. 64, 66, 134, 302 
GRAPENGIESSER, Dr. his work on the application of gal- 
... vanism to medicine, - i. 422 
. Gutta serena, application of galvanism in the cure 
As ag eet tees wes 1, 427, 431,452, ii, 455 
Gymnotus, electrical properties of, - ii, 397 


Harpans, Colonel; his experiments and inquiries with 
the galvanic pile, ~ - il, 

. Hatuz, M; his Report to the French National Insti- 

tute, - = $ i. ¥ 363 
method of exciting the galvanic phenomena in ani- 

mals, , - - 1, 303,364 

arrangement of the heads of inquiry, - 1 364 
experiments and conclusions respecting the essential 

_ parts of the animal arc, and their dispositions, i. 365,366 
respecting the parts of the exciting arc, and their re- 


96 


lative nature and dispositions, - 1. 368 
extraneous causes having an influence on the experi- 

ments, = eS - _ L 372 
‘refleGtions and conclusions, - Reais 2 
experiments respeCting the means of varying the sus- 

ceptibility of animals, - é. 376 
comparative trials betweeu the galyanic and cle@tric: 


phenomena, = : fe .380 
, | jG: —— Cxperi- 
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—~ experiments made by HumBorprT in presence 


of the members of the commission, i 
general deductions on the nature of the galvanic prin- 
ciple, and its future application tomedicine, 1. 383 
Hearing ; experiments respecting the influence of gal- 
vanism on this sense, - 1. 140,223.. 12,6 
respecting its influence in the cure of deafness and of 
particular buzzings in the ear. See Deafness. 
Heart, question of the action of galvanism upon ; *expe- 
riments with the hearts of different animals, i. 60, 61, 
147, 208, 209, 803-305, 333, 334, ii. 465 


382 


-yemarks respecting the foramen ovale, - ii. 427 

effet of the oxygenated muriatic acid upon the 
heart, - iene y 170 

experiments respeéting the dependence of the heart | 
upon the brain, = - ii, 196-203 


Heat ; question of the influence of the degree of tempe- 
rature upon the susceptibility of metals to the gal- 
vanic principle, - i. 

changes effected by heat, in the electric properties of _ 
bodies, - il, 218 
question ot the mechanical diffusion, or the chemical 
union, of caloric, relatively to matter, (note) il. 219 
principles of the general diffusion of caloric in sub- 
» stances, Eas - HH, 224,225 
beneficial effects of the resistance which bodies in their — 
% different states furnish to heat, - ii. 273,274 
arrangement of caloric with electricity and mag- 

netism, ~ = il. 282 

Dr. Crawrorp’s experiment on the powers of atmo- 
spherical and pure air to retain heat, il, 404-407 

his calculation of the comparative heat of common 
and of fixed air, - - il. 408 
of inflammable air and vapour, - ii. 408 
of inflammable and common air, - li. = g 409 
of the capacity (for heat) of water andof snow, ii. 409 
experiment of the Author on this subject, ii. 410 
of the capacity of vapour, - il, Alt 
experiments, a ~ i, AlI2 

expansion of different substances at different degrees 

of temperature; mercury, common air, and 


246 


water, . ~ a ii. ALS 
venous, and arterial, blood, * ii. 416-419 

experiments and remarks relative to the temperature of 
the human body, = co ii, 424-428 
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it 1s not dependent on respiration, — 7. 429 
iemiplegiay application of galvanism in the cure of, 

7 | _ 1+ 407s 453, il. 444, 446 
Henry, Mr. of Manchester, his experiments and obser. 


vations with the galvanic pile, . Ile. 68 
HHoarseness, application of galvanism in the cure of, 
: 1. 4285 434 
Homogeneous coatings ; effeét of, as described by Rein- 
_ HOLD, - ~ - 1, 204, 205 
_ by Humpotpr, . : s tp 2995 243 


. See also Mezals. | 
homogeneous metals may be used in the construction 
of the Voltaic pile, : il. 85 
Humsoupr:; his experiments to ascertain the degree of 
irritability inherent in an animal, 1. 167, 168 
General statement of his experiments. and observa. 
tions on galvanism, | - i, 261 
- conclusions drawn by him from his early experi- 
ments, eas r {eee 265 
his projeét of forming a chemical analysis of the 


principle of vitality, ts te 266 


_ his new ideas on the subje& of irritability, i. 267 
his labours in. the developmént and prosecution of 
— these, 2 4 1. 267, 268 
observations respecting the relation between galyanic 
irritation and incitability, 2 i, 26 
means by which he increased the incitability of the 
animals, : - wo ano 
experiments respeCting galvanic irritation produced 
without a coating, or metallic or charcoal sub. | 
“stances, © - - I, 270 
remarks on the employment of different pieces of 
flesh as conductors, eos ly 291,292 
on the excitement produced by a simple metallic sub. 


stance, or homogeneous metallic parts, i. 55 
experiments, e 2 i, 273 
heterogeneous metals, ans Te 274, 

” yemarks respecting the classification of substances, 
| 1. 2757277 


_ experiments respe@ing the comparative effets of anie 
mal and vegetable substances employed’ in the 


galvanic chain, e Ba i. 205 
respecting the phenomenon of setting the teeth on 
edge, a = = i. 278 
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respecting the existence of sensible fibres : 
in the tendons and ligaments, - dh 279 
experiments on mushrooms, ascertaining their fit. 
ness for conductors, i, 299 


remarks respecting the length of ‘conductors: and the 


celerity of the transition wof the galvanic in- 
fluence, SE ee i. 230,281 
influence of the state of the atmosphere upon the 
nerves, as upon a hygrometer, , i ate, 
experiments on the tongue, and.on a nerve, which 
thas distinguish metals, Le 283 
the muscular movements ard sensations produced ~ 
by galvanism, prolonged after the chain has been 
eloged,. .. - ao ¢ 284 
effeG of ligatures, and of division of the fibres, | 
| i, 286,287 


. of different media, oe . i. 283 

effets of galvanism upon vegetables, : 289 

upon aquatic worms, : i, 290 

upon insects, = = + S 290 

upon "Hales, = one i. 29 

upon amphibious animals, 5 i. 291 

upon man, = Higa 4 i. 293 

in the sense of sight, = - i. 243, 294 

of taste, - - - ¥, 295 

of smelling, - - a i. 296 

in producing inflammations, - Le 296 

on vesicatories, : - 1. 2907, 298 

experiments on the revival of birds, i. 299, 300 
on the peristaltic movements of the intestinal 

canal, iy - - A 300 

on the hearts of different animals, {. 7030305 
General dedu&tions respecting the established theo- 

ries of galvanism ; that of GALVANT, i. 305’, 306 

of VottTa, ? : 4 i. 306, 307 


theory of HUMBOLDT, _ 1. 308 
experiments made by himin the presence of the com. 
missaries of the French National Institute, 


ty 382 
his experiments and observations respeGting the appli- 
cation of galvanism:-to medicine, is 408-421 


remarkable instances of his courage and resolution in 
the pursuit of his philosophical researches, 

eas 284. 

Aydroe 
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Hydrophobia, application of galvanism in the cure 


of, 5 2 (note) ii, 4.62 
remarkable case, am - 1. 454-456 
Hypochoudriasis, application of galvanism in the cure 
of, mito - - il. 462 
I 
Ice. See Water.” 
Lucitability, defined by ReInHoxp, a e 228 
different degrees of in different animals, accord- 
ing to, that naturalist, ees: 1.4428, 2%0 
| after death, ; 2 < i. 230 
~ this quality increased by inflammation, L, 2305 230 
species of  incitability resulting from different 
_ deaths, : 4 Aig 231 
incitability artificially exalted ; by opinion, i. 232 
by the oxygenated muriatic acid, animal calxes, 
andalkalis . - : s 2:33 
by moistening the operated nerve with water, i. 233 
. by galvanism itself, r meee ae 234 
incitability depressed by a natural mode; _physio- 
logically, “ ie 234. 
pathologically ; by the mechanical injury of the 
nerves and muscles, 1. 1235, 236 


by certain diseases, and kinds of death, i. 236,237 
incitability depressed by an artificial mode ; with che- 


mical applications, is seed: 237 
arrangement observed in these remarks respecting the 
modifications of incitability, ms 1, 238 
Humpotpr’s observations on the relation between gal- 
vanic irritation and incitability, i. 269 
means by which he increased the incitability of the 
animals, _ - 270 


See also Excitement, and I rritability. 
Inflammations, effets of galvanism in producing, i. 296,297 
Inseé&s, a€tion of galvanism upon, i. 290 
Lutestinal parts, experiments respecting, 1. 299-303 
Lrritability ; HumBoupr’s experiments to ascertain the 

degree of this property inherent in an animal, 


1. 167, 168 
effetts of the oxygenated and the simple muriatic acid 
in restoring irritability, a 1, 168-170 


deduétions 


a ee 
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—-_—-dedu&tions relative to the nature of ir. 


ritability, - - is 171 
distin@tion of irritability from sensibility, i; 18 
irritability in the limbs of animals, supported, not 

destroyed, by excitement, a is 59 


See also Excitement, and Incitability. 
Irritation of the muscular fibre, the foundation of the 


science of galvanism, 4 = 16261, 262 
researches of HumsBo opt into the principle and theory 
of irritation, ie 2 ve 267 


his experiments respecting galvanic irritation pro- 
duced without a coating, or metallic or charcoal 


substances, 2 vs ives 270 
effets of the galvanic irritation totally dissimilar to 
those of the electric shock, E _ 1. 297,298 
discovery of Creve on metallic irritation, Loc ZPIsZES 
L 


Lead, various examples of the influence of this metal as 


a coating, 2 - - i, 28-38 

as an exciting arc, applied to zinc, he 32 
Leeches, experiments on, i : i. 146 
Lenot, M. his observations and experiments, 1 340 


Leyden phial, experiments of ALDINI to prove its simi. 
larity to the Voltaic pile and to animal sub. 


stances; 2 “ 2 i 392 

the Leyden phial charged by the Voltaic apparatus, 
ee ii. 18 

experiment with the Voltaic pile connected with the 
Leyden phial, : B ii. 98,99 

analogy between the Voltaic pile and the Leyden phial, 
as stated by Professor Cuvier, ne 146 
theory of the Leyden phial, - ii. 259 
illustrations, 2 . li. 261, 263-265 


_ Ligatures; inquiries respeting their effets on the nerves, 
in impeding the progress of the galvanic current, 


i. 34) 355 399 585 77s 186, 286, 287, il. 340 


experiments of REINHOLD, - Hay 206 
Light, its influence on the eleGric capacities of bodies, 

ii. 276 

nature of its general motion, ‘ il., 348 


—production 


INDEX, 
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—production of the flash of light by the V rae 
pile, = 7 2 a. 6 
See also Sight. 
Lightning ; application of its eleGtricity to the muscular 
system, by Gatvani, - evade 9 
Locked jaw. See Tetanus. 
Lungs; the struéture of, similar to the torpedinal ar: 


rangement (see li. 398, 399), i: Oe 4.02 
vascular formation of the lungs, z li. 433 
See also Respiration. 
Lydian stone, its property as a conductor, il. 329 
M 

Magnetism, inquiry respeCling its connexion-with galva- 
nism, = “ is 144, 254 
its arrangement with electricity and caloric, ii. 282 


See also Needle. 
Media; four different kinds of fun@tions resident in some,- 


according to REINHOLD, - 1, 224, 326 
inquiries of Humpoupt respecting the effes of dif. 
ferent media,> ¥ 288 
“effets of different media on the susceptibility, of the 
animal, - - : 375, 974 
Medicine: Ga LVANI endeavours to apply his Wihcotery to 
practical medicine, - i. 15 
possible benefits to be derived from its application to 
that science, - 1, 345, 386 
-attempts of ALDINI towards this purpose, I 393 


» Review of the most interesting attempts which have 
‘been‘made to apply the prineiple of galvanism to 


the cure of diseases, 2 = a 
obstacles ‘hitherto experienced in these Ey 
396; 397 
hypothesis of Garvant relative to the prodnetich of 
the nervous sciatica, : r 398 
of ‘the tetanos, and of paralysis, 2 iy 4.00. 
employment of galvanism to distinguish real death 
from apparent or asphy xy ¢ (See Asphy xy)y1 406 


“jts application proposed in the paralysis of the “optic 
nerve; successful treatment of a case of hemi- 
plegia, - wacd le 407 

Hymerorpr’ $ examination of the bee to be ex- 

| pected 
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pected from the application of galyanism 


to the science of medicine, = hi 408 
question of the efficacy of galyanism in paralytic | 
diseases : (See Paralysis ), Z Ls re 


Galvanism a method of distinguishing the nerves 
from the other organs, and of estimating the de. 
gree of excitability of a nerve or muscle, 1. 429 

work of Grapencizsser on the employment “a 
galvanism in the treatment of several diseases ; 
Substances most proper for the materials of si 


galvanic pile, : - $3 42% 
poles of the pile and their respective elettricities, 
is 423 
varieties in the effects of the pile and the battery, 
1. 424-426 


particular maladies in which galvanism may be re- 
sorted to: palsies of the © extremities ; ; debility 
of sight, and the gutta serena; deafness, and 
buzzings in the ears, : Ve 427 
hoarseness, and aphony arising from a deie& of 
nervous action, ie 28 
paralysis of the sphinGter. any and ef the urinary 
bladder, asphyxy, and various other cases, 1. 429 
modes of application of the battery in different 
diseases ; in paralysis of the extremities, and to 


the Sostnda of blisters,, : 1. 430 
in diseases of the sight, - Bh Z1, 432 ' 
of the hearing, - - 1. 432, 433 
in paralysis of the urinary bladder; hoarseness, 
aphony, &c. and chronic rheumatisms, ii 434: 
account of a galvanic belt made and worn by Mr. 
TeeEpb, of Lancaster-court, Strand, 1. (434 
method of administering in cases of deafness, i. 437 
experiment in a violent paralysis of the face, 
| i. 438-443 
in a case of deafness, - 1, 44.3 
remarks on these applications of galvanism to the 
human body, | . i, 443 
experiment in a case of paralysis, 3 444. 
substance of a report by Vassatir-Eanp1 on the 
application of galvanism to medicine, i. 449 
experiment in a case of gutta serena, a. 4.52 
of hemiplegia, - . i. 453 
of hydrophobia, - ° q 8 ASA 


~~instances 
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—instances of misfortunes occasioned by the 


abuse of galvanism, . 2 i. 460,467 
observations of M. Desmortiers on the danger of 
galvanism i in the treatment of diseases, i. 461 
experiments on the bile, 2 1, 462 
on the temples, - = 5 463 
remarks, : 3 2 i. 463 


effet of its application to the urinary calculus, 
1. 463, 464 
reflections, ae : : e 406 

Attentions in the medical application of galvanism, 


li. 192, 193 
idea of the Author, relative to its employment in 


medical practice, 3 - ll. 213,214 
Cases of its application to medicine, in the Author’s 
experience ; in paralytic affections, li, 444-446 
attentions in the use of the battery, il. 447 
remarkable cure of paralysis, - a 443 
cases of deafness, : 3 ot 449 
different methods to be pursued, according to the 
different sources of this defect, SSER 449 
mode of the application of galvanism described, — 
hi, AGS 
when one ear only is affected, ‘ LSE: ane. 
cases of weakness of sight, and of amaurosis, ii. Ann 
‘in spasmodic affections ; cramp, tetanus, and stiff. 
ness of the joints, e Eke 456 
indolent tumors, scrophulous swellings, and en- 
largements of the prostrate gland, li. 457 
eases of mental derangement ; melancholy madness, 
il. 459 
instance of relief experienced, =" is. 461 
hy pochondriasis, a 2 ii. 462 
female complaints ; nervous headachs, il. 463 
cases of suspended animation, . i 463 
method of operation, - iy 468 


Comparative effets of galvanism and of eletricity, 


when applied to medicine, i, 450,451, il, 442 
explanation of the medical ation of elettricity on 
the human body, ‘ be 456 


opinion of Gatvanr relative to the operation of 

remedies, and the manner of ‘administering 
electricity, . - - if 33 es 
—superiority 
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— superiority of the galvanic fluid to that the of 


common ele€tricity in certain cases, in de- 
termining the nervous aétion, Hie 4.23, 424. 
apoplexies and epilepsies compared by GaLvanr with 
| the effects of artificial electricity, is 401 
Mental derangement, application of galvanism in the 
cure of, “ : lik 459-463 
Mercury. See Quicksilver. 
Mersmer, observations upon his system of magnetism, 
MeeTT, 202 
Metals: their influence upon the movements of the mus- 
cles, discovered by Gatvant, i 10 
a€tion of the heterogeneous and homogeneous metallic 
coatings upon the ele¢tricity in living bodies, 


investigated, - 11295 124584 2, 73 
of lead and silver, Z Pi is 28 
the Jead removed, “ : i 29 


of similar metals : different positions of the coat- 
ings: various coatings applied to the nerves of 
ihe thighs, * Fe ‘ 29 
lead ; with itself, and with other metals, 1. 30 
eax power of the lead: influence of different 
‘metals combined with it: effeét of the leaden 


are applied to zinc, | = i 31 
further examples of coatings of lead, ts 33 
phenomena in the operation of different metals, as 
coatings, or as exciting ares, i. 45 
effect of a covering of mercury on a mendllie conduc. 
tor, - - - 1; 74, 
galvanic capacity of different metals, as observed by 
GAILLARD, : " 1. 79 
theory of Vorra, explaining the operation of metals 
in galvanic processes, - le > 495596 
observations by Fow Ler, respecting the choice and 
use of metals in experiments, 1. 138 
respecting metallic oxydes, . ls 139 
contractions excited by a single metal, with fric- 
tion, © ee S 4; 163 
modification of the galvanic forces of metals; produced 
by different degrees of temperature, Lay 2446 
by the friction of certain bodies, 1. 2465247 
discovery of Creve, on metallic irritation, BI 12313 
hypothesis of ‘Fasronr respecting the tein of 
metals, - “ ¢ im 1s 314-317 
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=. oh amputated limbs, in different icasesy- ti, a) Ig1 
extreme sensibility of the muscular;fbres of a frog to 
» the influence, of ele€tricity, 40 ¢ ils 3136316 
np otesalson Nerves? hupistte se: 
Mushrooms, ascertained by Huwsoupt to be perfeét 
conductors, nr Joslin ode efesha79 


See also Fungi. 
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Needle, magnetic 3 ‘variation of, -. (note Jit, 280 
_ polarity “imparted to needles: by electricity. ,:.i%.... , 283 
Nerves: not. conductors of the electric fluid, i. 47, 48 
the nervous fluid that which is, aéted, upon. by poisons ; 
- inferences, ...: - fat 5882, 53 
part, of the nerves which longest retains ‘vitality, i. ‘os 
. opium more powerful when applied to the extremity 
: than.to, the. origin of the nerves, die 60 


experiments concerning the: source whence the respec. 
tive forces of: the nerves and muscles - ema- 
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oer Bates ben DE By I 53 
‘system, of the PE of the nerves esta. 
tet bd! lished, S e dc 169 
the nervous, ‘system isting, from that of vita. 
lity, : 2 1g. 575-178 
-,.. the former merely an appendant te, anda shortener 
wae cf, dife, ° 2 « i. 178 
. Somat. of M. SUE respeciing the ;true_ seat; of sen. 
sation, s oy feat OSS LOM 183 
experiments, 5 i ai 1, tig TSA 
‘influence of the state a i noe upon the 
neryes, as upon a hy grometer, Le + 282 
remarks on the infinitude of sensations, (ote) il. 342 


Electrical phenomenon arising from the nervous SYS. 
tem observed prior to the discovery of Gat- 


Pst VANI, A 2 2 
~* hypothesis, .of, Vassacnl on, the subject of this 
expe riment, ~ - i 3 
comin) jication -between an armed, and an unarmed. 
crural. nerye, Siwy Mek 35 
_ experiment on a nerve armed at different inter- 
-yalsy , - - re 35 
attempted on a SR Nios, animal, a 36. 
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— oe operation of ‘the coating applied » 


oto thé tunics of the HPV Es] HOi9/2 25 ems areIsg%ac 
veffeftssof the ation of nitrous gas on the nerve of 
a) fri, MeWiavire fs fj i; S12 
remark on the applieation of Seoating to the 
nerves, - MS fs GOIDI FEA IO alisuing 
contractile movements’ produced by the experiments: 
. of BERLINGHIERI, - Je 07-69 
in hot-bleoded animals, ; Se GE, 70 


inquiry ‘by. Fow ery whether the: nerves i gexeral 

are equally subject to the influence of galvanism, . 

orithoseonly. which are dia al as by the will: 
(See. Will); - Ri 3 Re 147 

'. respecting the direction fatlowed ‘by the galvanic 

influence when applicd to the nervous sys- 
tem, e G- - i. Le2 
experiments on the auteiies: 2 de 1§4.1 56 


qc, effets of . galvanism when ‘applied. tox.a. \ ‘ 


particular nerye, OF, £0, the brain_ or. spinal 


marrow, - exe Lec A 160 
experiments by Reinwoup relative to the external. .. 
senses, : 1,5, 2)f9- ee 


conditions connetted oak the nervous system, neces- 


¥ 


sary to produce in animals the galvanic pheno-.. . > 


mena, Se ? bs +420, 227 
incitability not particu larly diminished by the mecha. 

nical injury of the nerves and, muscles, .. 1. 235, 236) 
remarks upon living nerves and muscles, by Hum- 


BOLDT, ‘ ak 1, 265, 266 
respecting communications between two points of 
the same nerve, - i, 266 
his discovery respecting the coatings of the nerve 
and muscle, - i 2 i, 274. 
his experiments ona nerve, which thus distinguishes 
metals and charcoal, =>» é ig> ORB ss, 
experiments and ne respecting the animal arc 
by Hae, - - 1. 366, 367 


-galvanism a method a distinguishing the nerves from 

the other organs; and of estimating the degree 

of excitability ve nerve or thudele, is 420 
superiority of the galvanic flui d to that of common 
electricity in certain cases, in 1 determining the 

nervous action, . PB Ae £2 9ss4z4 
opinion of Aupin1, that the galyante Hine | is inherent 
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in the animal fibre alone, refuted, if P36) ee 
experiments of excitement produced without the aid 

of metals,’ - - 6 vidld03 gB<Bg¢ 
question of the dependence of galvanism , on, the 

nervous influence, - 6 By 338, 339 

effects of dividing a nerve, Sar ae 
battery of the nerves of living animals projected, 

Is. 30 «189 


See also Fluids, Ligatures, and Muscles, 
Nervouss beadaths.., female’ complaints ; application of 


galvanism in the cure of, i ll. 463 
Nicuotson, Mr. his reply to the hypothesis of Vouta 
respecting the galvanic pile, i SL, 22 
his experiments and § inquiries, | Mixes! 46 
O | , 
Oil, effets of experiments in, - i, iL 
Opium, more powerful when applied to the extremity 
than to the origin of the nerves, i 60 
experiments respecting its power in causing incitabi, 
lity, - - yah Ae} 
See also Possons. 
Oxyds, definition of the term, (note) i, 239 
process and effect of oxydation in electricity and gal- 
vanisni, 3 li, 86-96, 120-125, 308-312 
Dxygen, experiments relative to its absorption by the 
galvanic pile, : - if, P91 P ys 
influence of oxygen gas on the maintenance of animal 
life, - = il, 421 
P 
Paralysis, hypothesis of GaLvan1 respeCting its produc. 
tion, - : 1. 4.00 
‘question of the efficacy of galvanism i in the cure of ‘pa. 
ralytic diseases, . - 1, 417, 418, 422 


examples, paralysis of the optic nerve, or gutta sere- 
nes (See also Gutta Sereza) ; hemiplegia, 


i. 407, 4525 453 


palsies of the extremities, le 427 
mode of application of the battery in these cases, 
i 430 


paralysis 
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«——~ paralysis ofthe sphincter ani, and of the 


urinary bladder, - - :. 429 
remarkable experiment in a violent paralysis the 
face, ‘ : ‘ , 439-443 
another experiment in a paralytical case, 1, 444-449 
the Author’s experience in the application of gillvapisen 
to paralytical affections, - - il. 444 
cases of hemiplegia, - > i. 444-446 
cases arising from a defective energy in thie bran, 
. 444,445 
remarkable cure, : ~ i. A4s, 440 
Peristaltie movements of the intestinal eanal, experent 
respecting, - - . 300-303 
PERKINS, observations upon his system of tractors, ii. 211,212 
Perspiration ; proportion of, to the food, il, 404 
Prarfr, Professor, opposes the theory of GaLyan1, 1. 18,20 
his experiments and theory, - i. 327 
Pile, galvanic ; invention of, by VoLTA, - Hs 1 
_ its construction, and mauner of application, il. 2,3: 
* its operation, - ~ ii. 4 
its effects purely Tae - ll. 5 
Voura’s theory of the pile, ~ - ii. 5 
production of the flash of light, - ii. 6 
contrivance to preserve the moisture of the pile, ii. — 7 
analogy of this apparatus to the electrical organ of | 
the torpedo, - - li. g 
its phenomena resolved into the electrical princi- 
ple, - - Hd , 9 
experiments inferring this dedudtion, il. 10 
analysis and illustration of its operation, i. 44,15 


employment of saline fluids in moistening the inter- 
posed layers, compared with the effects of _pure 


water, > - : ii. 10,17 
Leyden phial, and even large electric battery, 

charged by the pile, - > li, 18 
attentions in performing the experiments, bids the 1g 


guantity of electric fluid put in motion by this ap- 
paratus, larger than can be obtained by the common 


electric machines, - ° ii. 19 
varieties in results, according to different communi- 
cations of the extremities ee the ground, il. 21 


observations by Mr, Nicuoison in opposition to the 
theory of Votta; elfect of the different fluids, 
ii, 22, 
new theory of Vo.Ta, “ ii, 24 
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—--—electrical tension produced by different metals, ii. 31,33 


ratios subsisting between the conductors of different 


classes, ~ ~ 4 il.) 95,36 
report of a commission of the French National Insti- 
tute'on this last theory, il. 38 
experiments and inquiries made witty the Voltaic pile 
by British philosophers, - il. 46 
prodution of gas from the wire used in experiments, ’ 
é il A7 
_ ip the Reccgines ts of water, - ii, 51 
other experiments on the subje, - il, 52 
conclusions, - - li. 58 
experiments respeCting acid solutions of metals, ii. 60 
experiments with the trough, ~ i. 63,64 
the pile may be construGted of homogeneous metals, 
I, 65 
‘combinations of different metals, - ll. 97,100 
experiment with the pile, connected with the Leyden 
phial, ~ - - ii. 98,99 
experiments and inquiries by the continental philoso- : 


phers :—of Vaw Maru, proving that the deno- 
mination of the pile should be electric, and not 
galvanic, - - il, 107-112 
celerity of the current put in motion by the pile, 
ii, 113, 118,119 
experiments with piles of different constructions, 


P ined 115° 
necessary attentions in the nature and decree of : 
moisture of the layers, - il. Ly 


experiments with piles constructed of gold and zinc, 
and of silver and zinc: compared ; and combined, 
ii, 128,129 
Ricmenied effect odancl by terminating the ex- 
tremities of the condu@ors with a point of iron 
wire, and a button, respectively, li. 329,130 -2 
inverse state of the two condudtors ascertained, ii. 131 
deflagration of various — by a pile of 180 
layers, - il, 134 
analogy between the pile and thehaviies phial, ii, 146 
experiments respecting the effect produced by aug 
- menting the surface of each of the dises, ii, 152-154 
M. Bior’s theory of the operation of the pile, ii. 154,155 
_-his observations relative to the size of the plates, 
| li, 156,157 
experiments on this subject, li. 158, 159,162 
“ bs —— effects 
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effects of different arrangements of the str ts 11.162-164, 


effects of water (employed as a conductor) on the 
movement of the galvanic fluid in the interior of 


the apparatus, _ - - li. 104-170 
conclusions respecting the laws of the movement of 
the galvanic fluid, - > ii. 170 
experiments relative to the absorption of oxygen by 
the pile, - - ii, 171-175 
remarks on substances most proper for materials of the 
pile in its application to medicine, - i. 492 
poles of the pile, and their respective eleAtricities, i, A493 
particular construction of a pile, - | (note)-i. 444, 
~use of the pile superseded, by. the ica i bat- 
tery, ~ -- - il, 3515357 
varieties in the effects of the pile and the batery, 
424-429 


employment of the pile in medicine. See Merlicine, 
See also Battery. 
Plants. See Vegetables, | 
Points ; influence of, on elettricity, explained, 1. 246-249 
Poisons: Fow.sr’s experiments respecting the ee an 
tive Ama of narcotic poisons on the blood, or 
on. the muscles ard nerves, ~ rf igS-160 
See also Opium. 
Porter: galvanic theory of the causes of ‘the superior 
_ briskness experienced in this liquor when drunk 
out of a pewter pot, - ii: 322 
Premiums offered for galvanic researches, i. 8 
Preparation of frogs, method of, 1.200, (note) ii. 303 
.Prinstiuy, Dr. his experiments and theory on ne gal- 


vanic pile, j » - i, 74,76-80 
Q 

Quicksilver ; remarks on the employment of, in the pro- 
duction of galvanic phenomena, - 1. 302 

effects of a covering of mercury, on a metallic con- 
ductor, - - ~ 1. 74. 

advantages of mercurial amalgams in the excitation of 

eleatricity i in glass, a 14,123 2,232 

its degrees of expansion different in different degrees 
of temperature, li. A415 

hee erage of quicksilver ne the splvanie battery,. 
ii, 305 
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Reinsorip; his review of the different theories 
and opinions relative to-galvanism, up to 


the commencement of the year 1798, 1, 188 
diversityof hypotheses among difterentnaturalists,i, 189, 190 
denominations employed, : b, JQL 
early discoveries relative to the galvanic principle, 1. 192 
plan of Re1nHOoLD, in treating this subject, 1. 107 


remarks respecting the choice “aud preparation of frogs, 
i. 199, 200 
contractions produced by animal substances brought 


into contact, - - - i. 201 

iby non-animal heter ogeneous substances, 1, 202 
in dissected animals, by enn the muscles and the 

nerves, = i. 203 

application and effet of fndbaarenicotie coatings, i. 204,205 

experiments with the ligature of the nerves, 1. 206 
inquiry respecting the time during which the 2 sci 

contraGions can be excited, = . 206,207 


experiments respeGting the influence of the ai ae 
fluid on those parts of animals not governed by 


the will; on-the heart, = - i 207 

the stomach, = - ~ i. 200 

the arterics, ° - - 21, 210-213 
contraGtions of the muscles by coatings of i nerves 

only, - - - + 212,213 

by coatings of the muscles only, - he 213 

by coatings added to moist conductors contiguous to 

the animal, - - - i 1294,.045 
curious experiment on the vital force, and on the effect 

of the circumambient air, - 1. 216 

‘experiments with various fluid conductors, i, 217,218 


universal influence of the galvanic principle on animals 
and plants; eauses why seidom perceptible in the 


latter, - - - 1, 218,219 
experiments relative to the external senses, i, 219 
practical experiments in different medza, roi, 224 

conditions necessary to produce in animals the galvanic 

phenomena ; a sensible fibre, - by 226 

the vital force, ™ . i. 228 

incitability: (See that article) = - 1, 228, 229 

conditions essential in the arc, - i 239 
constituent parts of the arc, and various observations 

respecting their power and modifications, 1. 24) 


—- general 
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=~ general remarks on arcs, - - i. 250 
«considerations on the nature of the galvanic fluid, i, 252, 
definition and classification of the excitement, i, 253 

inquiry whether the galvanic agent is properly entitled 
fluid, ~ - - ii 254 
whether it is secreted in the animal, - i. 255 


respecting the manner in. which the galvanic phe- 
homena are modified by the application of the 
are os bore - i wt he 256, 257 
conclusion respecting the nature of the galvanic fluid, 
i. 258 
exposition of the hypotheses of different authors, on the 
galvanic flaid, - - t, °958 
Respiration ; the function of, a galvanic operation, ii, 402 
observations on Dr, Crawrorp’s theory of, i. 403 
on that of the French philosophers, - fi, =: Allg 
calculations of the quantity of air inhaled by a single 
inspiration, ~ - ii, 421-424 
respiration not the source of animal heat, i, 427,429 
changes experienced by the blood during respiration, . 
3 Hi 480 
question of the effect of respiration as a stimulus to 
the circulation of that fuid, - il, 431,432 
feview of the different theories and opinions relative to 
galvanism, up to the commencement of the year 
1798, by Rernwoip: (See his article), e 188 
Bheumatism,. question of the efficacy of galvanism in ’ 
cases of, 2 - 1, 237,417,418, 434 


S 


Sciatica, hypothesis of Garvan respecting the produc- 
tion of, - - - t. 309 
various theories of ; application of common electricity 
to its cure, - - ~ i 458 
_ application of galvanism to its cure, - i. A429 
Scorbutic affections, experiments on the bodies of persons 
who had died from this cause, - li. 188,189 
application of galvanism to the cure of scrophulous 
| swellings, - - wv 457 
Sealing-wax, galvanic properties of, - i 57; 58,72 
Senses, experiments relative to, See particular articles. 
remarks on the infinitude of sensations, (note) ii. 342 
Sensipility ; distinction of, from irritability, i, 181 
Shooting 
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Shooting or Falling stars’; prude of, depend: | 


ant 0. electrici ity, - ie il, (297 
sight, experiments respecting the influetice of galvanism 
are this sense, i, 149, 150, 220221} 293; 204, 


(note) il, 314 
application of galvanism asa remedy in‘cases dis- 


order of sight, - = 90 . 407,417 
its effect in ascertaining whether the operation for . 
the catara&t may be successfull y performed, 1. 419 
in debility of sight, and gutta serena, >" ok 427 
experiment, - - i 452 
(See also) - - ‘44635405 
mode. of application of the battery, i in this use,‘ 431,432 
eases in the Author’s*experience; ees 90) it 455 - 
Silver; conductors of this metal recommended by VALLI < 
as most powerfal, - ~ 7 Api 38 
examples of contraétions excited by the bag he of 
this metal alone, - a8 388 


Silver leaf, d-flagration of, by the galvanic button i li. 134,303 
Smell, experimeuts respecting the influence of pala rine 


on this sense, = - 1, 222,206 
Snow, remarks on the nature and effects of, me ia 275 
Spasmodic affections; application of galvanism to the cure 

of, in the Author's experience, 2 oH. 456-458. 


Spontaneous discharges from electric jars, theory of ii: 265-268 
Stomach ;. percussion on, more fatal than ‘on any other 


part of the body, » - - nish cages 
experiments kespedting the influence cf the galvanic 

fluid upon, - - 1. 209 

Sur, M. his researches on the vital principle, i 182 


SuLTZER; experiment by him conneéted with the princi- 
ple of galvanism, prior to the Senisigi = that 
caienee, ef - ‘ me 
not the foundation of galvanism, (note) , 67 
Surgery. See Medicine. 
Susceptibility of animals, influence of different fiepan- 
tions of the exciting arc upon, ~ . 375,376 
experiments and reflections on the means of ase 
enfeebling, and re-establishing, in galvanic opera- 


tions, ~ - - 1. 376-380 
periods of the greatest susceptibility of »nimals, 1. 383 
Suspended animation, application of galvanism in cases 

of, . : i ‘ ii, 463-469, 


Taste, 
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Taste, indicia affeQting this sense siete by 


SULTZER prior to the discovery of Gatvant, i. 1,2 
experiments by VorTa respecting the influence of gal- 
vanism o: the taste, - i, © 68,09 
his explanation of this phenomenon, 2, 100 
a more singular experiment, - ee 
modifications of the taste of liquids drunk out of me- 
tallic vessels, explained, - i. 128 
effeéts of galvanism on the tongue compared by Fow- 
LER with those of electricity, - ies (148 
its effeéts on the cheeks and gums, - i. 161 
experiments by Humsoxtopr on the tongue, which thus 
distinguishes metals, - - i, 283 
hypothesis of Fasront, - i, 315,316 
experiment producing at once the sensations of seeing 
and tasting, - - (note) ii. 314 


See also, 1. 179-182, 220, 2905, 343, 344, 350, 351, 

: 354-357, il. 324 
Teeth, result of the experiment of HumBoitpr reaped 

the phenomenon ot setting the teeth on edge, t; 273 
Temperature. See Heat. | 
_ Lemples, experiment of the application of galvanism to, 


i, § 463 

Letanos, hypothesis of Gatvanr respeting the produc- 
tion of, - - - i 400 
application of galyanism to the cure of, iil. 456 
Teylerian battery, experiments with, SPO 1H, 107 
Theory, of GaLvANi, - - ecg2. 3S 
conclusions of HuMBoLDT respecting, ws iv SOG 


ReinHOLD’s review of the different theories up to the 
commencement of the year 1798: (See his article), 
i; 188 
Vouta’s theory, opposed and refuted, i, 306, 307,381, ii, 5 
attempts of ALDini to reconcile it to that - GaAL- 


: VANT, - - ' 1,.390, 391 
his theory respecting the operation of the galvanic 

pile, - - il. 9 
observations in opposition to, aus Mr. Nicuotson, 

il. 22 

new theory of Voxta on that sabia il. 24. 
report on, by a commission of the French National 

Institute, _— - a8 38 
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«=~ theory of HumBotpr, - i. 308-310 
opposed by Prarr, - ols i.. 327-340 
theory of Crevu, .. - - ead yd: 
of Luxor, - - - 1. 846-349 
of Dr, PrigsTLey, respecting the phenomena of the 
Voltaic pile, . - - ii. 76-80 
theory of galvanic corabinations, caus 320 


Thunder and lighining, produced by eleGtricity, ieenied ® 277 
Time during wi hich galvanic contractions can be;excited . 


in animals, - tas, 29; 200, 207 

Tin, advantages of this metal in the construction of ves- 
sels for certain galvanic experiments, ide 120 

modifications of the taste of liquids drunk out of tin 
vessels, explained, — - i”, 122 
deflagration of tin-foil by the galvanic battery, H.. 393 

Torpedo, remarks and experiments relative to the elec-. : 

trical phenomena of, i. 25,26, 347,324, 01.336 
a of VassaLLi-Eanpgs respecting, 1, 320 

onje ture of Voura respecting, the nature of its elec- 
. trical_organ, - He 36,87 
its structure, re il. A435 
its analogy to the Voltaic ae - ii. S 
nature of its shock, = (note) ii. - 307 
investigation of its.clectrical properties, ii. 398-400 
“Tortoises, experiments on, - inf 203 

Vv ; 

Vacuum; the idea of, incompatible with the explanation 

Me of the apparent exhaustion cf a pneumatic re- 
ceiver, - - (note) i- 225 
are Dr. experiments bys - ie , 28-60 
Van Manum, experiments by, - li, 107-128 

Vapour; experiments respecting the capacity of, to retain 
heat, - - li, 411-415 
Variation of the neecle, - (note) i, 280 

VassaLLi-Eanps, his observations and experiments in | 

the science of galvanism, - ib 79,317; 44GQ 
Vegetables ; irritability of the vegetable fibre, Eat 160 
influence of galvanism on plants) ~ ‘pth 2G pQ88s280 
causes why it is seldom perceptible, - 1, 218,219 

Zelocity of the animal electricity may be increased without. 
augmenting its degree, - i, AD 


See also Celerity. 
Zesicatories, experiments respecting the influence of eal- 
yanism on, - 1, 284, 297, 208, 430 
V rtiahity 5 
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Vitality ; the elevicity of animals independent ‘ 
of their vitality, - 1, 41,384,385 
the electric fluid in certain cases the support of vi- 
tality, “ ~ i. 143,44 
the principle: of life distingt from the nervous prin- 
ciple, - - 1, 175+178 
the lattcr merely an appendant to, and shortener of, 
life, ~ - i, 178-181 
researches of M. Suz on the vital principle, i. 182 
curious experiment by Rerxuoxp on the vital force, 
and the effect of the circumambient air, i. 216 
the vital force in an animal essential to the produdtion 
of galvanic phenomena, - i. 228 
experiments by ‘'ourDEs respeGing the vitality of the 
blood, - - - i. 64. 
by Varui, to determine the time during which ani- 
mals can live without nourishment, i 54 
experiments to revive animals killed by drowning or 
by asphyxia: (See also Asphyxy), 1. 40-51 
on the revival of birds, - 1. 209,300 
Votta; his experiments, and observations, i. 16, 17,92-95,99 
his theories. See Theory. 
Voltaic pile, and battery. See Pile, and Battery. 


WwW 
Water, its effe& (hot, or cold) in animal eclericity, 1. 59 
its use as a conduttor of animal electricity, i. 63 


its effet in this charaéter, on the movement of the 

galvanic fluid in the interior of the pile, © ii. 164-170 
influence of eleétricity in the process of the crystalliza- 
tion of water; and on water in the state of 


ice, - - = 4 1, 2IO217 
in the state of vapour, - i, 217 

different capacities of ice and water to contain the elec- 
tric fluid, 3 : i. 222,293 
principle of the diffusion of air in water, e 224. 
beneficial effects of the changes into ice and vya- | 
pour, - ~ 1. 274 

its proportionate conduting powers, to those of me- 
tallic bodies, - - i. 362 

its degrees of expansion by heat at different tempera- 


tures, - - - i, 415,416 
its resolution into oxygen and hydrogen gas by the gal- 
vanic fluid, - * i, 135 


r—~- Decome 


INDEX. 
VOL. PAGE 


— Decomposition of water ; observations of Mr. 
Huwry relative to the performance of this 


process by the galvanic: pile, - Mi.od) 68 
Dr. PrizsTLey’s opinion respecting, ii. 75 
experiments of Dr. WoLzasTon, | - il. gl 
process of, on a new plan, - il. 127 
theory of the French philosophers respetting, ait. 4151 
process of Mr. NicHouson, * di. a 
of RicuTer, and others, - i. 377337 
of the Author, - - il, Hie 
its decomposition by electricity, - ii. 380 
elucidated in the galvanic operation, lk. 5 382, 
detail of the process of decomposition, ii. 384 
Dr. Gisses’s theory of the pempenge parts of 
water, - ~ il, 385 
experiment respeCting the operation of the two wires 
employed, il. 386 
hypothesis on this silaie Ris ‘ ‘linainapsk is: 887,088 
FVater-spouts, phenomena of, “ li, 285-289 


. Will; experiments respecting the influence of the gal- 
vanic fluid on those parts of animals which are 
not governed by this faculty, i, 207-212, 2606, 302-305, 


ll. 197 

Wing of a fowl, experiment on, . ~ re GO 
Wires, metallic ; employment of, in the eer of 

water, - - «. 37 0- eo 


See also Deftagration. 
. Wood; its different capacity, as a conduétor of electricity 


or otherwise, in a moist and in a dry state, il. 217 
ina state of charcoal: (See Charcoal), silence eae 
*. properties of different sorts of wood as materials for 

charcoal, - - li. 331 
~Woxtastron, Dr. his experiments and i inquiries with the | 

Voltaic pile, - ~ il. SO 
Worms, experiments on; earth worms, i. 445,146 

aquatic worms, _ - - i. 200 
Z 
“Zinc; singular phenomenon respecting a bar of, observed 
by “Humeotpr in an experiment, - 1,273,274 
THE END, 
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